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0 1 observation in various e of 
science: and he has often availed 
himself of the- privilege of epistolary 
oorrespondence, to make excursions 

beyond what would have been ad- 


missible 1 in a systematic work. bon 


— 


c It has been 3 that it is the indis- 55 
pensable duty of a Writer, either $0 .to 
represent new things, as that they may 
| appear familiar; or se to represent 5 
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familiar 1 as that they may ap- 
pear new. The Author of the 
present work having few preten _ 
: to ne credit 0f discovery, 

invention, will Be satisfied if he 
=_ : shall be found to have placed, in an 
[| 1 | interesting light, fac 


s and truths al- 
9 ready well known. His aim is, merely 

to bring into an abridgement the 
Scattered laws __ brüste 2 if pi. 


commentary 


by 
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their generous, 
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on the side of religion. . 4 TH 
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: for, science seil en a con- ; 
l accumulation of knowledge : 
from the contributions of individuals, 
the Author has consulted Writers of 


bed classes with diligence, and he is 
willing to hope, without prejudice — 


or partiality. He has freely borrowed 
where it was necessary; and, i in short, 


has taken every step that was in his 


power to come at truth. It will, ne 


trusts, be seen, that he has forborne 
the assumption of any credit, which 


in any respect appertained to an- 


other. Even in language, he has been 20 


so far from wishing to dress up that 
which he has borrowed from others 
in newer or more appropriate terms 
that he has almost uniformly adher- 
ed to his text. various expressions, 2, 
| and even whole SENTENCES, especially 
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| given in the very words of the writer = 
from whom they have been selected. == 
It has k een, in a word, Bis anxious . 
desire, to present His ide s and senti- 
ments to the reader in such A garb, 
as would at once render them 9 


nne 988 most ae e we 
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Wirh the best and fairest intentions, 
however, we are too apt to fall wo, 
5 errors and mista kes, while e are en- 
4 „ gaged in the eager pursuit of a fa-—ꝝ2 
: vourite object!” Should, therefore, 3 
the Author have inadvertently gina e 

to Q quote, or neglected the ee of | = 

any enlightened Philosopher, Th 

whose footsteps he has with revererice + | 
endeavoured to'tread, he has unaf- - 

fectedly to solieit the indulgence of 
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| the reader for that, which hie must — 3 
; consider as A loss and a misfortune 
$ peculiarly applicable to. himself. For 

10 accidental omissions of particular re- 
f ferences, the candid reader will think 

2 n apology s Sufficient. RG 


In fine, as the purpose of 1 fol- | 
lowing Pages, is not to intrude upon 
the learned an unnecessary repeti- 3 
tion of what they already know, but 

to point out the paths of knowledge 
1 to the less instructed, and to excite 
an eee to objects in which all 
men. are equally, and in the highest _ 
degree, interested; it is hoped, that 
an attempt in so wide a field, and i in 
so good a cause, should it not be en- 

titled to approbation, will, . 

be received With candour. . ft 
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— 7 reader is requested to correct 
the typographical and other errors, 


which are noticed in the errata, and 
which were occasioned by the Au- 
thor's being frequently unable to at- 


tend to the revision of the Press. i 
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LETTER v. 


In inquiries into matüre, tlie illusions bf "OM to be 


 ayoided.--- The narrow limits of human knowledge 

_-=-presumption of philosophers---example i in chymis- 
try of the necessity of intellectual moderation the 

modesty of true ae eee tc to be used 
with caution. _ © 


LETTER VI. IS 


The varied surface of the globe ads \qdmiration-—- 


invites inquiry. Numerous theories concerning the 
formation of the earth outline of Burnet's theory--- 
of Whiſton of Woodward Remarks. 159 01 


LETTER VII. 


Other Wester of the earth---that of Le bee : 
tions raised eint it---answered by himself. 
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marks. -De Luc's doctrine of pr 
| dary mountains. 


LETTER 3 X. 


Opinion of M. Ne e Sir W. 3 | 


relli.—onthe volcanic formation of mountains. ---Re- ; 
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Vinonery speculations to be | 
nature to be guided by observation of this globe the 


The en ie of atoms adopted by Ne enn 
vhether matter be infinitely divisible---the doctrine 
of attraction not unknown to the ancients esta - 

 bliched _ Newton---his doQtrine of gravitation and 

col n. -difficul ttending this subject whe- 

| Fs e 5 ae gene be essential properties of 
| matter.---N end dodrine of vit Inerlie N e 


een the manner in which the earth was 
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of the Cartesians---of modern philose 


chymistry in discriminating elementary. bodies 


Fire known only by its effects formerly honoured 


as a divinity- whether a primary s 


mere effect of motion whether light and fire-ho-the | 


same maintained by De Saussure---denied by De 


Luc.---Remarks.---Rays of light projected from the | 
en, * a perpetual circulation. T 
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1 his notion in 50me respects favoured by Me f 
. ---theelementof fire in a fixed state pervadesall nature 
-==man the Wy: animal that cancommand this omar. 
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' Arm observations - its principal PE VP 
essential to animal and vegetable life cause of its 
elasticity its extensive n, understood 
by the ancients. | 8 e 
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Eeles as the chief agent in evaporation---De Luc's | 
Eee © theory formed on the mutual convertibility of wa- 
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LETTER XXVII. „„ 
Ties---faQs relating t . 


chem explained---not unknown to the 5 
tended with insuperable mene, of. : 
it; | fect of effusions'from the periodical increase and de- 
| crease, annual and diurnal, of the polar Nen. 
This YON supported by many facts. ; 
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ts may n not be a dangerous sort of ne into 
which I have entered. To endeavour to satisfy 
all the perplexing doubts of a young and a ng? 
gorous mind, is a task of no small difficulty. Be- 8 
sides, the lists are not fairly arranged between 
You decline the defensive part of the combat, 
and with all the caution of a wily practitioner, | 
propose to confine yourself 'to'forcible and mer- 
dciless attacks. But no matter; the odds are of 
little consequence. You anxiously call upon me; 
and as it is in the province of my a section, so 
shall it be my delight, to engage in a contest, tlie 

issue of which _ _ des. come to > ang 


From the general rendency of your letter, 5 
however, I fear I have more than common rea- 
son to apprehend, that from vivacity, or from a 
fashionable dislike to every thing grave or serious, 
you have contracted an habit of thinking, which 
may plunge you into error. As to any effect so 
laticudinarian a bias may have upon your moral 
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ttical, alloy. All chat concerns me is the — 
our may rivet prejudices, and | 
: eventually deprive you c of any disposition towards \ 

fair investigation and, e 


lity, that this hum 


traversed many coun ries. Three years constant 


residence alone on the continent must have . 
insight into men and things, much 
beyond that which, has been the lot of others. | 

But, with this advantage, for it is certainly an 
advantage to be allowed time to disperse the too 
frequent illusion of first i impressions, I think I can 
perceive, something like an inconsiderate pro- 
pensity to turn matters of weighty i * into 
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the hard. yoke of clerical. usurpati 
reason is obvious. In a country, where a man 5 
to meet with persons who reject revelation ;. but, 
in soils which have been no 
dane 2 atheism has, 1 fear, always 
luxuriant growth; . Religion, se- 


rty to think, it is not unfrequent, indeed, 
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5 arrogated power, bends the soul into a sollen and | 


tion. Powerfully, ho 


Strikes out a flame of impetubus 


self. Oppression gives 2 dreadful energy to the 


mental powers. For a titne, indeed, this may SY 


be stifled; or it may at least be concealed fi 


the watthful eye of the Jealous tribunal, But 
Where is the understanding, which in an cnlight- | | 


ened age can rest its hope and belief on 4 ter. 


rible, a _ and revengeful Deny ? apes 5 


As o one extreme begets another, hind may 
chen fairy be considered as the naturil production 
of superstition and entlrüsiastn. Each is a dis- 
rin& species 'of lunacy. The religious enthu- 


siast, grave and severe, believing every thing, 
and groaning and sighing from the very prinei 


ples of his belief, long broods over his fanatical 


concehtions. The patoxysm of bigetted 
50 at length turns bis brain; he tlien, nne 
and perniciously insane, Gora: mischief. 
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ment, which craft uses to establish impogition on 


common sense. — 4 


You 


* 
1 7 
* 
o 
% 
wc 
* 
4 
$-. 
* s 
a * 
3 
2 1 
s 
* 4 
* 4 
J 
: i i 
7 
þ . 
* [4 
2 
5 
n 
* 
* 
. 
- 
— 
1 
* 


þ - . 
4 be VE nals MT” 


r TEE; 
8 Wage 8 — 


2 


2 
- 


2 K K 2 
el rr eas, of 4 er 2 


vp + 
8 22 „„ WCW 14 by 
" (ft 4 U = 
oy * » x 3 * FER 
9 - 7 a; 1 | Ys ö *. 2% teh 4 5 $8 =. # 5 3 l 1 4 +. 4 
K * * * 


de 5 inn of libertinism with bewitching 


that their keeniest shafts have bee 


. don me at sure, wi (his = | 
N. mean ir not as an imp er- 


. * 


the? re fee 0 1 Sul e, 6 
| wrote "broader grounds, in the 8 e- 


Rid?” Have fea: 


7; and 


at ng flowers. Wir brill anc 
tances, strong arg tl 


looked pd AFP When they set them- 
selves up as dictators, it should be ne. 5 


structures which dre e on abe ber 


PR 5 FE + a] S 4 TOs 
215 = Je: Ba FE 81 4 [4 Ei 1 22 141 30 "123 707 „ Ss 4941 


in one of your lt etters, you tell me, the 
atheism is the tit fruit of muc 

study, in a mind cooled by reason 
14 78 experience.” The” quiet Epicurus, vo 
say, never troubled Greece. Th of Li 


* 


eretius did not cause the civil wars at Rome: 


E375 | EA i : Bodi 
92 . : Pl 4 » in 


Sul 
ism © leaves men reason; philosophy, 


| ane of this sedu in; but 


* 1 Ms 
0 5 


77 


piety, laws, reputation, and all thar can gere a 
a Gs vie] put superstitio enden them = 
0 6 lc 


makes a man more e. for biet, seeing, 5 
as he does, no 


ing beyond the limits of this 


* 3 544 1 7 s 2 ©. Up * 
life * eee FLW BEATS een. i, LT SD 
* Z 7 * * 
10 £ 8 1 4 s gy 1 . N 
5 7 £ 5 v4 ** "* JSP EL*F: Hy „ 


"= L N 
” 255 22 1 a an . * * 7 


11 for the present be 
brief. 1 shall leave to a future re opportunity the 


il all 


principle. An unqualified "repi 
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merely from the horror T feel, at the thou 


emancipating frail beings from the bir &f 
answering to their Maker for their c onduct, and 
at the apprehens ion of their reducing, as has been 
express ively said, all their affection to a secret 
egotistn, as prejudicial to virtue as to liberality: 
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LETTER. u. 


17 de belef of ircanpar ie ierten bas, fh 7 
do or heteaſteg, To console ourselves with the 


hope of it, is at least to do hongur to human 


nature. It cannot be looked upon 28 2. faulty 


weakness, to believe chat to be probable, for - 
ad when 


ahject the good of mankind. Id primum ita 
esse velim ; deinde, 5 r Arge ; 
ROE Fe . 0 
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ii is 594d, ſhas the mogh religious men 32 Þ 
general the most inflexible misanthropes ; 3 chat 1 


they are useless to the world, and injurious to 


themselves. I. will grant jt— put With this ex- 


ception, chat it be really confined to a bigotted 
and unenlightened order of xeligigus men. Amor 


these, indeed, encreyof mind is often manifegted 

in voluntary martification and zuffering. Rar: 
. barous and So self destrnction is celebrated 

as the acme of great and sublime piety. In a 
word, they chauat forth their God 33 8 being of 
goodness and mercy, and yet aim at the acquis!- 
tion of his fayour, as if he were a demon of i in. 
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is — halihdecen nt . 
self, in order to be virtuons. Real merit, r 
virtue, depends on a proper knowledge of juatice- - 
and on a firmness of reason, capable of directing 
9 ic 18. He who, 
tired of the struggles of this life, finishos tha 
quarrel by a pistol, is called a mad · man; but, 
he who, staggered by such brief procedure, takes 
daily, for the love of God, a dose of poison, which . 


us in the managament of our af 


slowly but infallibly conducts him to the tomb, 
is he less a fool than the former? If suicide be 
a crime, hat matters it whether a man kill 


or arsenic? In an instant, or in a dozen years? 
Nr W bauer ee e, | 
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gion, assuredly draws from the common stock of 
humanity that which he owes to it. Come, 
holy recluse,“ says the philosopher, & uc suspend 


for a moment che intenseness of your meditations, 


and deign to be undeceived by a' man of the 


world. I have passions, and I should be sorry 


to be without them. Most fervently do I love 
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look upon ies ibis: re- eg 1 bins 
store by me, and yet I should not be displeased 
with more. For can a man who wishes to do 
good be in possessi n of too mm ne en | 
light does it give a good man to those 
talents, which he sees languis | 7 1 
What joy, to unite that pair whom indigence 5 
alone keeps separate ! It is true, I meet with in- 
- gratitude: What then? My heart warms, to: 
wards my fellow creatures. Pleasures that are 
innocent I love. I quit them as seldom as fan. 
From the table, less sum wous than delicate,” 1 2 
geo to the opera, or to the play. I guard 1 
with all my might from glootny reflections. 
Hope and tranquility, inseparable companions 
of honesty, conduct me by the hand, through | 
flowery meads, towards that bourne whence no 
traveller returns. And think you, your end . 8 
be more tranquil or comfortable than mine? 
Conscience will not then trouble me; for at te 
worst, I have not eee ountry, 
er frvly, or my frietds,” 1 9 i 


| This e _ et W to he's mise- 
* rable Frere de la Trappe, or the Chartreux, is 
not assuredly overcharged. It is nothing vie 
common sense, dictated by sane and common 
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1 than to be thought so. This we have 


though we have all the same Go. 


W men, to take R's pains to make themselves 


both of us, in a thousand instances, seen exem- 
plified. In arguing, if you recollect, with very 


respectable though too rigidly professional men 


of the Catholic gene. not only 1 in Italy but i in 
France; on this 
them 0 


=? 


ginning, the same wants, and the same end, yet 
that man was evidently born to be a stranger to 
man; and that the less we acted as men in this 
state of existence, the more we should be re- 
warded as s of divine favour in an · 
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TIERE is no weakness more common, nor 
any one more illiberal, than that of an indiscri- 
minate sneer at religious institutions. How ſex 
are there of us, who previously consider the re- 
| lative and political situations of the countries in 
which such religions are established! Proud — f 
a2 self. assumed authority to judge, we venture up- 
on a superficial glance, to condemn ae 1 
and all Professors. But, can there be any thing 
more ungenerous or unjust? Can there, let me 
ask, be any system of faith or of practice so to- 
tally defective, as to be in all its parts deserving 
of contempt ? Or, however contrary to our o] 
way of thinking, can there be any body of spiri- _ 
tual teachers, who merit nothing but ridicule and 
censure? - Ti : 


Besides their unbounded claims to temporal 
as well as spiritual dominion, and their abject and 
comfortless austerities, many puerile subtleties, it 

must be confessed, have disgraced the character 
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their religion. They have thought it necessar 
ploy the ad of science in propping up a 
sacred edifice, , confessedly raised by God himself. 
1 earned pride, with inflated tyran 


Y — and Fiery and —_ 
sublime simplicity of their masters s bus, has 1 8 


been lost in cholastic refinement. © 


Stanc cit this, a8 the ger ee 


country makes a great part in its political fabric, 


it is neither candid nor dignified to run into the 


fashionable practice of exposing the profession, 


the persons, and the characters of priests. 
Throughout Europe, the generality of the clergy 


lead virtuous and pious lives; at least, few of 
them are notoriously vicious. In their education, 
they necessarily become instructed in various 

branches of knowledge. As to their calling, 


surely it is not a contemptible one. The subject 


of it is God and truth; and the end at which ĩt 


But, not to conine ourselves to the present mo- ; 


aims is the peace and the happ 
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A to mens pros panclurian of the 
Roman empire, the king was always priest or 
Pontifex. Eneas, says tradition, was Sacroru 
rer, or pontifex. Julius Cæsar by deten be- 
came high priest; so did Augustus; and the em- 
perors were so of course, in consec uence of their 
office ; Gratian being che first, even of the Chris- 
tian emperors, who refused the title of Pontifex 
Maximus. And hence, as it has been remarked, 

it is well for free-thinkers, classical ones in par- 
ticular, they live in times when liberty is so well 
understood as it is at this day among us; fecha. 
they lived in the boasted days of Pagan freedom 
he among them had been fortunate, who should 
have escape character, esteemed by their 1 8 
rite ancients the most infamous of all, bas . 1 


an N to the en of his MOUNT: 
Ho oy ee OA 
2 a brilliant > dr FI po me intreat a 
to cast your eyes on the enlightened and — 
respectable Clergy, by whom you are at present 
surrounded. They afford a del ightful spectacle, 
and lead to a veneration of the system which 
can produce such benevolent and such able pas- 
tors. Nor let predilection for the reforme 
church be supposed to actuate me to this opinion. 


Hear what a Roman Catholic says, euer 
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N the « Clergy, ns of ode NR: Helvtie nation. oe. Ho 
En by chi — fi opitious in e 
at a memorable #ra; the Author of LEprit 
de la Ligue has these words “ Les Suisses 
furent peut-etre/ les seuls qui s armerent par 
un vrai zele depouillé de tout motif humain. 
La Doctrine Catholique et celle de Zuingle 
eurent leurs bornes assignées; et les efforts 
qu'elles ont faits reciproquement dans la suite 
pour les passer, ont toujours '&te reprimes sans 
| guerres civiles.” Such then being the case, 
when intolerance had reared its monstrous head 0 
almost universally, what must not their character 
be now, when among nations of the purest re. 
 ligious liberality, they 8 hold Aa ne, Sh 
—_— eminent nods r 69 
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Ted is an erroneous i at sequestratio 
from the world, and a total dereliction * all. 
Pleasures and all business, are essential ee e _— 
and powerful exertion of our mental faculties _ 2 
The man who has received from nature a sound 
and discriminating judgment, and who, as a 
stock of materials on which to exercise his fas. | 1 
culties, has acquired a fund of useful knows. : 8 
ledge, cannot be deprived of his ability and — 
inclination for study, by any active wan, | 4 
ORG „„ B | the 2 


« 


18 kxrrax 1. 


the benefit of society, or by any lassitude or fa- 
tigue from public employments. An ardent and 
à versatile mind will find moments for study 
and for. amusement; as well as for business. 
Trying its force on variety, its keenness and 
assiduity will increase. Pleasure springs from 
the source of unfettered scientific investiga - 
tion; and stability of strength from the exer- 
tion of our faculties. Men of feeble parts, 1 
1 ek; wy those select and R ming 
MY quos ardens evexit ad æthera virtus.” But 
retirement is far from being indispensably requi- % 
site, Cicero, Xenophon, Cæsar, Bacon, De 
Thom, and-a variety of others, not only did 
more, but thought more, and wrote more, than 
any mistaken recluse that ever existed. But, 
thrift, and frugality in the disposition of time, | 
are points which are in that case absolutely ne- 
cessary. Careful and undissipated-in the appli- 
cation of them, a man's hoard vill a0 rapidly 
increase, that in the end, he will have accumu 
lated a stock, not only adequate to every com- 
mon demand, but amply nn for n * 
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We ednet e meet „ wich a man 
vho drones away his existence; and who, even 
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1 in the bustle of the world, is as thoroughly in- 

d terred, as though he were irrevocably fated to a 

y. residence six feet under · ground; - who is still, if 

3. possible, more to be commiserated than he who 

d devotes himself to the 4usterities and penance 

1 of a cell. Such a living dead man is a wretched 
a- being. He neither has intellectual satisfactions, 
r. which forcibly give birth to the Social affections; 
1 nor has he even imiginary plans, to sooth hir 
„ with the prospect of eventual retribution or re- 


ward. Such an animated nothing is pestiferous. 

The contagion of his baneful apathies has an 
enfeebling and unhinging power, like that of the  _. 
Sirocco wind, so fatal to animal vigour in te 
south of Italy. No blow which active virtue DE 
can receive, can destroy her native energy. 
Storms and tempests may howl around, she is 
still herself: in the midst of every gloom, she 
is still irradiated by her own native splendor. 
The warm and properly tempered affections are 
in every instance the soothers of melancholy, 
the counter poises to ill- humour, and I had at | 
most said, the panacea for bodily disease. 
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| | LETTER IV. | y 


IN the full persuasion, that a little cool te- 
flection on the subject of our late correspondence 
might have diverted you from the unfavourable 
impression you had imbibed, not only relative to 
priests, but even to religion itself, L had formed 
the resolution to have given up the discussion. 
But, you press me to be more explicit. You _ 
frankly confess the present bias of your mind: 1] 
though, at the same time, you candidly acknow- 
ledge it to be open to conviction. I am de- 
lighted with this ingenuousness, and I will e 
it, if it lie within the _—_— of my ra 
Fot or the present, 4 1 Shall + wave ie ty 
close investigation of the prinsiples, which, I 5 
had supposed, might have been sufficient for, 
at least, your general conviction. The igno- 
rant, the unexperienced, and consequently the 
superstitious man, we will leave in his cell. 
There, let the winds whistle round him; the 
lightnings dart, and the thunder roar: bent 
down. with terror and apprehension, he will 
3 „ sbrink 


prayers, will tremblingly, and without a friend or 
child to cherish him, an upon abstract spe 
culations, and incompr vst 


0 ther will we dri ee than) moral re&i- 
| tude, and that which is supposed, if not by every 
one acknowledged to be, unequivocal human 


kr W. 22 


shrink into himself; and mumbling over his 


happiness. Pleasure, riches, power, we will 


leave to those who search after them, and the 


number is not inconsiderable. The felicity of 


life must speak for itself. How the case really 


stands, every one will insist upon being the best 
judge himself. This, however, I think is clear, 


that good, in fair comparison, would be found 


equal, if not paramount to evil, were we as ac- 
curately to sum up the number of blessings, as 


we are rigidly severe in the enumeration of af · 
flictions. How few are there, who balance the 


cagerness of hope by the calmness of resigna- 
tion; the inclination to pleasure by the dictates 
of discretion ! Our disappointments too fre- 


quently originate with qurselyes. In our expec- 
tations we are immoderate ; in our n 
seldom impartial. 


At this moment, A and before we en- 


gage in either physical or metaphysical specula- 
| B 3 | >. mm 
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e PR me ppose you, for an instant, di- 
vested of all immediate and relative oon bun- — 
tions of self. Stripping the subject we are to 
discuss of all delusion and imposition, let me 
imagine you surveying the universe; and to the 
utmost extent of your finite ideas, endeavouring 
to trace a link of that infinite chain which binds 
the universe together. In this survey, how 
much more elevated and edifying should we find 
it, to attempt a sketch of the history of the 
globe itself, than to mark the petty revolutions 
of its inhabitants. Though of undoubted gonse- 
quence to those involved in the struggle, yet of 
what moment is it to us in our emancipated flight, 
to know, that in certain divisions of the earth, cer 
tain sovereigns have held the supreme command, 
and that there they fought and extirpated half 
the race of man? Such affairs as these have ever 
been looked upon as the little under- plots in the 
tragi · comedy of the world. But the rise and fall, 
the various revolutions of an entire and habitable 
globe; how God hath varied nature, and hath 
benignly adapted to a material form an intellec- 
tual mind — these are sublime contemplations ; 
they lead us to a faint and distant view of his 
providence, and amply, in che e repay us 
for the investigation. 
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| bounded by space, co 


Thus, if common dil⸗ 
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state of this earth, nere bim in the wily 
maze of the inextricable labyrinth, nor knew 


where he was to fix, nor how he was to establish 
even conjectural hypothesis. Hence Sulpicius 


also, on his return from Asia, and having in the 


course of his voyage seen Ægina, Megara, the 


Piræeus, and Corinth in ruins, expresses himself 
to Cicero, And shall we, short - lived creatures 
as we are, bear with impatience the death of our 
fellows, when, in one single view, we behold the 
carcasses of so many lately ae cities PI 


are capable of eee anid:with nm; 4 in 


what temper of mind are we to reflect on the 


ruins and disasters of a world > Mont Blanc, 
which now so tremendously rises above you, was 
once covered by the sea. The very highest 


point of the present earth was once a part of the 


bed on which the waters rested. How grand, 


how sublime the . 


. are ak objects,” whic/it is deligheful, 
which it is instructive to dwell upon. The 


mountains of the earth, the caverns of the 


N the host of the innumerable om that 15 
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. roll throx regions where the aan 3 
thee are Joky and most "worthy speculations. 
From the things, we pass to the Maker, and we 

greatness. In admiration 
and incomprehensibiliry we are indeed lost; but, 
ue are supported by enthusiasm and by grati- + 
-tude. The excess. may be overbearing, but the 
imme 2 nnn en 
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A he first od cheigh 8 measure, hens 
fore, let us in imagination rend from this earth 
its cities, its towns, and its inhabitants. you one 
bold and inartificial whole, unstocked wi 

mation, let us contemplate. its shape, its nature, 
and its parts: undressed, uncultivated, and un- 
adorned, teeming with various blessings, but still 
attended with supposed imperfections, let it pass 
before us in calm and unprejudiced review. The 
mist of error which too frequently distorts our 
vision, when we are ourselves as principals con- 
cerned, will thus be removed; and we shall, in 
our speculations, follow the guidance of nature 
and reason, without being disturbed by those 
storms of passion, by which human reason is 

tossed to and fro in the vast ocean of opinion. 
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In 64 "NG which I Shall up leaks far our 
1 investigations, (for I must still request your 


permission to postpone them for a short time) 1 
shall endeavour to the utmost of my power, to 


avoid that extravagant delirium, which too fre- 
quently impels men to the creation of visionary 
systems. Such flimsy fabrics of fancy are too 
often substituted in the room of plain realities. 
An attempt to disperse them, is to the irritable 
mind of their respective builders, as muc 
object of dread, as if they were not the illugory 
offspring of the imagination. By us, how- 


ever, a different path must be pursued. We 


shall rarely touch upon any thing, but that which 


we can see; nor shall we in any instance, I hope, 


be detected in endeavouring to be thought to 
see 2 m 2 which has a real existence. 
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Ir is a ds hoviever humiliating i it may: MY 


pear, that with all our knowledge, we are in 


most nn e With infinite faci- 
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lity we 2. worlds; we even compose a 
string together whole planetary systems; ; but yet 
can we say how the common surface of the 
earth was formed, or how it was furnished with 
fruit, with pulse, and with that vast variety of 
nut itious aliment, so providentially supplied for 
th: support of animal life? Can the deepest of 
our philosophers determine, whether plants were 
created in their seed, and so dispersed through 
the elements which had energy to push them 
into being; or whether they were planted in 
their pristine soils in the fulness of beauty and 
maturity? Of the most familiar objects we are 
in total ignorance. Why then do we idly and 
presumptuously venture beyond our line? The 
mind that rushes beyond what experience, or 
what common sense renders comprehensible, is 
most indisputably deranged, if not actually 
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Notwithstanding this impenetrable barrier be- 
e eee proud man, 
full of arrogance and weakness, and in no one 

instance more conspicuously so, ventures, within 
the narrow boundaries of his closet, to explain 
and account for the mighty fabric of the uni- 

| __ how. it was daun together, and even 
what 
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what it was at its Origin. a Thus do pb 1 WoDner 


wander in the Mazes of error. The compass 5 | 


traces out the geometrician's world; salts fly to 
che chymist 's aid; and to the mineralogist, fire 
and its raging properties. Each, in a word, in- 
terprets the operations of nature, agreeably to the 
OE ET 


In adverting to circumstances of — 
the celebrated Boerhaave, not many years ago, 
conceived it to be useful to lay down certain pre - 
established data, in palpable and flat contradic- 

tion to the opinions at that time fashionable, of 
destructions, regenerations, and transmutations. 
He levelled indeed his doctrines chiefly against 
the alchymists. But, as what he then said, must 
invariably continue to hold good, I shall give 
you an idea of it, and, as nearly as possible in 
his own words. First, he alleges that there are 
several elementary bodies of such simplicity, 
that no person can either separate or assign the 
principles of them. Secondly, That besides the 


four elements which are known, salt is of the 
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same simplicity, and does not vary otherwise 
than by its associations with other natures. | 
Thirdly, That metals, quicksilver included, are 
all of an equal Simplicity, entirely different among 
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other natural bodies. Fourthly, That pretend: | 
ing to form a metal, with a matter that has no- 


is being as far from truth, as earth from heaven. 


parcel. Sixthly, That all impulsions and at- 


natures ne vary them by these mixtures, 


remain indestructible, and unshaken = _— 
tion whatsoever of what is created, Whence' it 


| the uniting or digjoining of natures already made; 
but can neither destroy What exists, nor change 
it into what it is not, nor produce a single grain 


into fire, and Boyle equally so, in supposing it 


ms ves, and absolutely different from all is. 


thing metallic in it, by a tranzmuration of parts, 


Fifthly, That such as these bodies are in a large 
bulk, such they are found again in the smallest 


tractions may blend, and mingle the elementary 


amalgamate, divide, and make them fine so as 
not to be perceptible; but that all simple natures 


follows, that even 8 which employs 
natural agents, t go farther than the force 
of these agents will admit, and is confined to 


of a new nature. Chemia adunat vel separat, 
nec datur tertium' facere quod poxit,” And 
hence, continues Boerhaave, Newton was mis- 1 
taken, in thinking that earth could be chang ved 


Sande dat ee, 
rope 
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Physics and mathematics are certainly of in - 


Finite value, but they have been extravagantly i 
misapplied. In their genuine light they are to 


be considered, the one as relative to causes, ail 


the other as relative to effects. But from this 


they have been diverted, however clear it is to 
sober reason, that the causes of nature are not to 


be discovered, either by chymistry or by mathe- 
matics, though it be possible for some of her 


effects to be ascertained by them. Sensible of 
this, the immortal Newton, who was privileged; 


if ever man was, to grasp at an unlimited idea, 


most cautiously guarded himself in the use and 
application of even the mathematics. Effects 


were all he presumed to ascertain. He openly 
confessed his ignorance of causes. In no one 


instance is it to be traced, that this wonderful 


man stepped beyond the boundaries of natures. 


His expression generally was, ( All nen. 
sidered, it thus seems probable to me,” Indeed 
a contrary conduct, of which he has been erro- 
neously accused, would have been as ridiculous 
in him, as if he had undertaken to she how fire 


burns by algebra ; to explain the nature and ope- 
ration of the sun by trigonometry; or to assign | 
the causes of vegetation by the theory of conie 

sections. The zame nn, n likewise 
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in one, who in some a may be convidered | 
as his master, manifested itself in Epicurus; nor 
was it one of the least instances of that philo- 
sopher's wisdom, that he made it one of his first 
physiological doctrines, that he had nothing to 
do with v def x&: Te ed.,, Matters 
merely possible, and merely contingent ;” and 
therefore it was his custom to conclude all ques- 
tions about the phenomena of the heavens, and 
all other remote and uncertain e, with 
thexe words, 9 nnen eee 5 


: Din you will ok me, if all and 1n 1 
sics are to be banished? 0 strict a mien 
would, I must confess, be in the opposite ex- 
treme. For though hypotheves are not sufficient 
either to explain the mechanism of the world, or 
to demonstrate the first principles of things, they 
are not without their advantages. In various 
matters we have been greatly indebted to them. 
But we should be guarded in their use: to pene - 
trate into an abstruse point, and to throw xray of 

light upon it, is certainly, if nothing better, a 
powerful stimulant to others, to employ their in- 
vention and ability, and to render in the end, 
perhaps, that evident and clear, which would 
have hann been impervious. Many things 
llikeswise 
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likewise, whom Ggures are not visible to us, we 
must admit upon supposition ; wherefore, if the 


hypothesis be but adequate to the phenomena, 
Lacknowledge we should admit it; and in this 


concession I apprehend we have granted as much 
as philosophers ought to do, and as much as 


should be prescribed to human ingenuity. From 


the errors even of wise men, wisdom is to be 
gathered. All that is to be avoided, is too much 


pertingeny, in * 
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jecture. 
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ü amazing intellest, eh nb us 
not only to perceive objects, but to contemplate 
them; to compare, to unite, and to disjoin them 
in a thousand different ways; whose unbounded 
activity, not only acquires the knowledge of 

things, but transports us into futurity ; recalls 

past ages; collects into one view all the plea- _ 
sures of life; extends our existence beyond the 
grave, and triumphs over death itself; is yet, in 
its essence, as incomprehensible to us, as is 
the divinity whence it derives its power. It is 
with its operations alone that we are acquainted. 
But, of this, more hereafter; we must not an- 
ticipate. We will now endeavour to collect the 
scattered rays of some natural phznomena, and 
drawing them into one powerful focus, concen- 
trate them into a point, I will hope luminous, if 
not convincing. 1 
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Familiar as you are now become with th2 
Alps, it yet may not be amiss to recall to your 
mind the moment when you first beheld that 
awful and aggregate of mountains, 

whose : 
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vens. "os bebe ee zensations occas * 
by the grand asxemblage Ho astonishing to 


one who for the first time visits the mountainous 


parts of the earth; who never had reflected up- 
on their structure, nor ever had dared to form an 
idea of the power in nature, which could beguf- 


ficient to produce them! Do you recollect the 
wonder with which you viewed the Shriek Horn, | 


the Glaciers: of Grindelwald, the icy plains of 


Chamounis, and the tremendous and venerable 
brow of Mont Blanc? What abundant mats 


ter for surprize! How striking the profundity 
of the abysses! the frightful elevation of the 


rocks | the eternal snows ! the pillars and seas of 


indurated water, whose existence challenges an 


age almost as venerable as the vales in which 


they are lodged ! the cascades, the lakes, the 
rivers bursting from their source! the roaring 
winds ! the accumulated thunder !—all these 
are full of grandeur, all are stamped with the 


character of e enen with nn T 


the soul. 
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ideas were drawn of the probable formation of 
the earth. n af der with the Apennines, 
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the Cordeliers, the ( 


tures, however, of the more brilliant hypotheses 


other vast mountains of the globe, were found 
to be not only intrinsically the same, but to oc- 
cupy at least one tenth part of the dry land. | 


Thus, says Burnet, our mountains are not to be 


supposed to have been laid upon the earth, as 
tomb stones upon a grave, or to stand as statues 


do upon pedestals. They are one continued 


substance with che body of the earth. And hence 
it is ridiculous to imagine the earth first a plain 


: surface, then all the mountains set upon it, / as 
| haycocks in a field: it is all one frame e 


broken and ee in its e 77 eee, 


No sooner nad the 1 1 8 | meddl. 


with this mighty subject, than theories upon the- 


ories arose. Each naturalist endeavoured to get 
a step beyond his predecessor. The surface, 
the interior parts, the mountains, the vallies 
all were ransacked. Nothing was left untried; 
that could yield satisfaction in the enquiry. But 
all in vain; the truth, though many en 
points became established, still eluded the s 
and the labours of philosophy. It would eee | 


you much, and be perhaps little worthy of your 
attention, were I to detail the variety of opi- 


nions on this intricate subject. The leading fea- 


may 
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| ny! not che unamusing. And Baader shall take 


the lead ; for no writer, before or since publi- 
cation in 1680, called Telluris Throria Sacra; ever 


entered s sublimely upon the task, or executed 


it with so much beauty of imagery. He was 
truly the man of genius and taste. His me- 
mory was richly stored; and he wrote as if he 


1 himself employed i in framing wr unt. TE ; 
verse N to his eee a e 2 55 | 


3 


« The * ” Says Dt 90 — «fluid | ? 
heterogeneous mass. The heaviest parts descend- 
ed, and formed à solid body. The waters took 


their station round this body, and all lighter fluids 


rose above the water. Thus between the coat 


of air and that of water, a' coat of oily matter 


was interposed. But, as the air was then full of 


impurities, and contained great quantities of 


earthy particles, these CAME Subsided upon 


the coat or stratum of oil, and composed a crust 


of earth and oil. This crust was the first habi- 


table part of the earth; The land thus formed, 


was light, fat, and adapted to cherish the ten- 


derness of the original germs. The surface of 
the earth was level and uniform, without moun _. 
tains, seas, or other inequalities. | In this state it 


remained about sixteen centuries; for the heat 


of the sun, * drying the crust, produced 
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at Ant, pes fissures or REN, bur | in pro | 
.cess of time, these fissures penetrated deeper, 
and encreased $0 much in their dimensions, that 


at last, they entirely penetrated the crust. In 


an instant the whole earth. split in pieces, and 


fell into the great abyss of waters, which it for- 
merly surrounded. This wonderful event was 
the universal deluge. But all these masses of 


earth, in falling into the abyss, carried along 


with them vast quantities of air, and they dash- 
ing against each other, accumulated, and divided 
80 irregularly, that great cavities filled with air 
were left between them. The waters gradually: 
opened passages into these cavities, and in pro- 
portion as the cavities were filled with water, the 
surface of the earth began to discover itself in 


the most elevated places. At last, the wa- 


ters appeared no where but in those extensive 
valleys, which contain the ocean. Thus our 
ocean is a part of the ancient abyss; the rest of 
it remains in the internal cavities, with which 
the sea has still a communication. Iflands and 
rocks are the small fragments; and continents 
are the large masses of the ancient crust. And 


hence, as the rupture and fall of this crust were 
effected on a sudden, and in a confused manner, 
it is not ee * the surface of the present 

earth 
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A five years hr the „ of this 4 
gant romance, that is, in 1696, Whiston, a man 
of uncommon parts, and more uncommon learn 
ing, but, as his e ee e e of a 
published a a new une af: the ons Sinn its 
original to the consummation of all things ; 3 
wherein the creation of the world in six days, 
the universal deluge, and the general conflagra - 
tion, as laid down in the holy scriptures, were 
shewn to be perfectly agreeable to reason and 
philosophy. This book met with admirers; ; 
and' among others, with the approbation of the 
sagacious Locke. I have not heard any one 
of my acquaintance. speak of it,“ says Locke, 


but with great commendations, as I think it a; 


deserves; and truly I think it is more to be ad- 
mired, that he has laid down an hypothesis, 
whereby he has explained $0 many wonderful and 
before inexplicable things in the great changes 
of this globe, than that some of them should not 
easily go down with some men, when the whole 
was entirely new to all. He is one of that sort 
of writers, that I always fancy. should be most 


esteemed and encouraged: Tam always for the 
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: builders, who bring some addition to our K 


ledge, or at least some new things to our 


an | 


* 


Wikio, wha was so ee a . 


tician, as to become successor to Newton in the | 


Lucasian professorship at Cambridge, convinced 


that every possible event depends upon the mo+ 


tion and direction of the stars, endeavoured to 
prove, by mathematical calculation, that all the 


changes this earth has undergone, have been pro- 


duced by the tail of a comet. The account of 


the creation, as given by Moses, he says, is not 
perfectly understood. It is not an exact or phi 
losophical account; it is only an historical narra- 


tion of the formation of the terrestrial globe. The 
earth, in Whiston's opinion, forinkity-exived] in a 


chaotic state; and at the time mentioned by Mo- 


ses only received a form, situation, and consist - 
ence, necessary for the Habitation of mankind, 


He contended, that this chaos was the att 
of a comet: that the annual motion of the earth 


began when it received its new form, but that 
its diurnal motion did not commence till the 
fall of Adam: that the ecliptic cut the tropic of 
Cancer in a point precisely opposite to Paradise, 
which was situated on the north west frontier of 
Assyria: 5 chat before 1 * the your” ban 

P at 


122 0 


ren ee, e Wins 


ied. 2365 00 2349 before Christ : that previous 
to the deluge, the solar and lunar years were 
. exatily; of: g6Þ. faqs: 
escending in the plane of the 
ecliptic e on the very day that . 
the deluge began, made a near approach to the 
earth : that there is great heat in the bowels of. 


the earth, which is constantly expanding from 


the centre to the circumference : that the figure 
of the earth resembles an egg; and that the moun- 
| tains are the highest parts of the globe. To the 


_ deluge: he attributed the changes of the ear 


by fte. in dee ee be by my 


will be in flames. But, after the fire Shall have 
devoured every impurity of this globe, and vi- 
trified and rendered it transparent as the purest 


chrystel, the paints and spirits of che blesed it 


take pemanen of ee ee 
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ies commenced on the 28th of No- 


to him, will be consumed 
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heavens: will seem to fall, and the whole earth 
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the solid and, Burning nucleus is pl; 
heavy fluid, which descended first, and 


„„ r TER vr 


1" i thoBeginiiing;” continues h Jod 
created the universe; but the earth was thera . 
uninhabitable comet, and subject to such alter. 

nate extremes of heat and cold, that its matter 
being sometimes liquified and sometimes frozen; 


Was in the form of a chaos, or an abyss Sur! 


rounded with utter darkness: And darkness 
covered the face of the deep“ 057 This chaos was 
the atmosphere of the comet, composed of heres 
rogeneous' materials, having irs centre occupied 


with a globular, hot, solid nucleus of about 2000 
: leagues in diameter. The thick fluid around it 


®... + + « 


was like the chaos of the ancients; rodis in- 
digestaque moles.” Such Was the condition of 


the earth when six days old. The next an 
that is the first day of the creation, every mate. 


rial arranged itself according to its specific ra- 
vity. The heavy fluids sunk down, and left to | 
rhe earthy, water) and aerial substances, tlie su- 

perior regions. The heat this body received 
from the sum may easily) be supposed to last 
600 years, since the comet of 1680 — 
quite 50000 years before it cooled. nd 


the great abyss upon which the earth flodts, 
like a cork 25 QI The great abyss i | 
=o Form 


X 
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formed of tuo concentrie circles; the interior be- 
ing the heavy fluid, and the superior water, upon 
- which last the earth is immediately formed. After 
the atmosphere of the comet had been freed from 
the solid and earthy particles, a pure air only 
remained, through which the rays of the sun 
instantly penetrated, produced light: Let 
there be light, and there was light.“ The vast 
columns or beds of which the earth is composed, 
being formed with so much precipitation, is the 
reason why they differ so: much in density: le 
heavier sunk deeper into the abyss than the ny 
and vallies. These inequalities, before the de- 
luge, were differently situated from what they 
are at present. Instead of that vast valley, which 
contains the ocean, many small caverns were 
dispersed over the globe, each of which con- 
tained a part of the waters. The mountains 
were then at greater distances, and formed not 
large chains; but the earth was a thousand times 
more fertile, and contained a thousand times 
more inhabitants; and the life of man, and of 
| other — was ten times - TY Wa, 


ian is. 
** * * 


* All these effects were proddved by the wi. 
perior heat of che central fire, which gave birth 
to a n number of plants and e 


| * | ZBTDER: VI. No 


opts FURY bestowed | 
vigour that ae 10 excite Rs ande | 
multiply abundantiy. But this heat had, besides, 
a lamentable effect: it augmented the passions, 
robbed man of his innocene and diminished the 
8agacity ef the brute creation. All creatures, 
except the ſishes, who inhabited a colderelemenr, 
felt the influence of the central heat, became 
vicious, and merited death. This universal 
the 28th of November, by a dreadful deluge, 
which lasted forty days and forty nights, and 
was ogcasioned by the tail of a comet meeting 
with the earth in returning from its perihe lion. 
Its attract ion made the water in the great abyss - 
break the shell or erust in many places, and 
rush out upon che surface: And the fountains 
of the abyss were opened.” As soon as che 
earth escaped from the comet, the waters on the 
channels through which they had issued; and 
it was now that the earth, which was . 
sphere, assumed its ellipfical Ts : <1 i . 


Ny Whiston Becher doubage 4 che mak of 7 5 : 
| deluge, nor of the authenticity of the sacred 
I writings : but as physics and astronomy, as has 
been remarked by N occupied his principal 
attentions 


| bled TR erik nana ee. bs 
_ given bim to, the py gut | 
which perhap! nenen 


A 1 time | before Whiszon, ahoba: . 

I think 1695, Woodward published essays ta- 
wards a natural history of che cath and terres- 

trial bodies, especially minerals; and also of the 

sea, rivers and Springs; with an account of the 
universal deluge, and of the effects it had upon 
the earth. Woodward,” says the illustrious 
French naturalit, ee wanted to erect an immense 
edifice upon a foundation less firm than sand, and 
to construct a world with dust; for he asserts 
that the earth, at the time of the deluge, suffered 
a total dissolution: that this dissolution was ef+ 
fected by the waters of the great abyss; for that 
at the command of God the abyss suddenly 
opened, and diffased such an enormous quantity 
of water on the suiface, as was sufficient to cover 
the tops of the highest mountains; and chat 
God suspended the law of dohesion, which in- 
_— reduced every solid substance into a po- 
Thus Woodward added miracles to mi - 
ae at least * W 


accord - 


ö 
. 
| 


. ˙ AA P EY WES FAA IIA gr 2s an * „ 


x - accord neither with seripture, 10 m. 


} facts; for he was better informed, than any pre- 
ceding writer, of the superficial materials of which 


the deepest mines, are placed according to their 
respective specific gravities; and hence, the 
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tics, nor with natural philosophy. Vet his 2 : 
tem, though ill conceived and worse arranged; 
zeduced many by the lustre of a few striking 


this globe is composed. These materials, says 
he, are all deposited in beds or strata; in many 


of which are shells, and other productions of the 


sea. These beds are all horizontal, and placed 
bver each other, like matters transported by the 


waters, and deposited in the form of scdiment- 


The materials of the different strata, he asserts, 5 
are arranged according to their specific gravities. z 
But this assertion is not true; for we every day 
see solid rocks placed over clay, sand, pit coal, 


bitumen, and other comparatively light bodies. 


All the strata which compose the earth, says 


he, from the top of the highest mountains to 


. 


whole must have been in a state of dissolution; 


and precipitated at the same time. But, at what . 


time, let us demand with Buffon, and in what 
menstruum was it dissol ved? In the water, says 


Woodward, and at the time of the deluge. But 


there was not water enough on the globe to pro- 


"ne chat elfect, for n is more mn 


8 


rn, „ 


water; 1 the bottom of the sea irself is earth? 
But, says he, there was enough of water in the 
central parts of the earth. We reply, however, 
that water could not dissolve rocks and metals, 
especially in forty days, the time of the waters 
remaining on the earth. That signifies not, re- 
plies he; the event did happen. When it was 
asked him, how the waters of the abyss could 

dissolve the whole earth, and yet preserve the 
shells? he answered, he never asserted that the 

water was a dissolvent, but, from facts, it was 


dlear the earth had been dissolved, and that the 


shells had been preserved. But, if it were fur- 
ther pressed upon him, that, supposing the laws 
of cohesion and gravity could have been sud- 


denly stopped, and that the dissolution of the - 


ancient world could have been supposed capable | 

of explanation—still; why were the shells not 

dissolved? To this he was mute ; he could give 
no answer. | | 
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NOTWITHSTANDING the glaring de- 
lusion of the theorists, whom I have already _ 
mentioned, and the positive certainty their wri- 
tings gave, that it was impossible to offer demon- 
8trative evidence on such a subject as creation, 
the game was still to be followed ; and sports. 
men to the full as eager as Burnet, Whiston, or 
Woodward, took the field. Among the fore- 
most were Bourguet, Leibnitz, Steno, and Le 
Cat. It would be needless to take a review of 
each. 1 shall confine mygelf therefore ta the 
latter. 1 
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Mons. Le Cat, who published his thoughts 

about the year 1744, supposes, that in the be- 
ginning, the substance whence metals, stones, 
| earth, &c. were to be formed, were soft masses 
of a kind of mud. The surface of the earth, 
says he, was regular, without hills or vallies. | 
The earth was a globe or regular spheroid. The 
sun and moon were afterwards. created. The 
fluid, which covered the earth, became agitated | 


rk violent motion of the flux and W 8 
The mud on which this fluid rested Was variously Sa 
driven. This agitation encreasing, part of the | 
mud became exposed, and it dried. Continents 

were thus formed. The materials of the earth, | 


being more compact and solid, the sea conti- 


nually excavated its bed. The continents, con- 
sequently, continually encreased : though they 
never arrived at a positive standard; for from 
the continual retreat of the sea, says he, and the 


excavation of the earth, this globe is doomed 
to be at last so perfectly undermined, as to pro- 


duce a confluence of the sea, from hemisphere 
to hemisphere. The earth will become like a 
hollow orange, and its figure only be preserved by 
its shell. This shell also, being attenuated, will 
fail, and with it the surface of the earth will tum 


ble in. A new chaos will take place, and there 
will be a general mixture of all its parts and pro- 


ductions. As at first, however, the earth will 
again revive, and thus we shall have a periodical 
dissolution and renovation according to that 
text of scripture: The foundations of the 
earth shall perish : yea, all of them shall wax 
old like a garment; as a vesture shall God 
change them, and they shall be changed. . 
Psalm. cii. In regard to the fossil shells every 
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what discovered, Le cat 3 har were 
buried in the earth prior to the deluge. Firs, 
because these shells, so co-acervated, or dispersed 
in several parts of the mountains, prove beyond, 
dispute, that these mountains were posterior to 
the formation of the earth. Secondly, because 
these mountains did not rise on a zudden, but 
gradually, and consequently, are to be considered 
as accidental to our globe. Though here, in- 
deed, Le Cat differed from his contemporary 
Voltaire, who very summarily gave these heaps 
of fossil shells to a less powerful cause. Can 
i done doubt, says. Voltaire, that pilgrims left them 
1 either by design or accident on these mountains? 
Sn Nothing is more clear, : Si nous faisons reflexion | 
A la foule innombrable de pelerins qui partoient 
| 15 4 pied de Saint Jacques en Galice, et de toutes 
j | les provinces pour aller a Rome par le Mont. 
| Cenis, charges de coquilles a leurs bonnets.” 
But, did pilgrims with shells in their bonnets, 
it might have been asked the philosopher of Fer- 
ney, ever traverse the Cordelliers, or the other 
unchristian mountains of the globe; where shell 
are tobe found i in even still greater en 


The system 5 Le Cat, as must be the fate of 
every tem of a creation, was proved to be 
| n 
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contrary to reason and to scriptu 
' and fishes, said his ee were, e nccording, 
to him, to have existed before the separation of 
, the waters from, the earth. But, it was the 
thin day on which God separated the waters 
from the earth. The second day, he created 
the sun and moon. For here that unformed and 
primitive light, which God created on the firsʒt 
day, by saying, Let there be light, and there i 
was light,” is not to be confounded with the 
sun and moon, they being very expressly distin- 
guished i in the Sacred text. On the fifth day he 
created fishes of all kinds,  consequently Shell 
fishes. Hence the moon and ſishes were created 
afterwards. The exuviæ left, were left by the 
second deluge. The general dissolution like- 
wise, 8upposed. by Le Cat, they declared to be i in 
express terms contrary to Scripture, which says, 9 
< But the day of the Lord will come as a thie nf 
in the night; in the which, the heavens shall pas 
away with a great noise, and the elements $hall RET 
melt with fervent heat ; the carth also, and a. 
works that are therein, shall be burned up.” bn 
* Ignis naturaliter aget ante judicium 1 in bonos et 
malos, qui vivi reperientur, eos in cinerem resol - 
vendo : sed mali illius ignis actione ervgiabyne. 
tur, boni vero omnis doloris erunt excepti,” says 
D St. Thomas 


* 2 Peter, chap. iii. v. 5 
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St. Themis Aquinas in tis Specht. Thy. 
declated it even to be positively against Gods 
covenant: * And 1 Will establish my 0 F 
_ with you; neither shall all flesh be cut off any © | 
more by the % waters of 4 flood; neither al 
the any mote bes a flood to destroy the earth.”* 

Again in Eeclesiastes, one generation passetli 
 abray, and another 12 eottieth ; but the 
5 earth abideth for ever.” e # 


1 


1 Gt, abe 1 a than of strong ab 
did not sit down quiet ly under this scriptural | 
Eofiderntiatiohn. On His ad versaries he retorted, ; 
that the kn owledge of the Hebrews was miSEra- | 
bly citcumscribed. Can the account of the 
creation of the world as delivered in Genesis, 15 
days he, © be said to be clear, and easy to bę un- 
derstood ?” St. Jerome, in his Letter to Paulina, 
says, no. The to2d psalm quoted against him, 
he insisted was in favour of his hypothesis: 

OS "Even the passage in Peter he contetided bo be 
| By RN. 85 385 
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ce Several interp Heli of the Scri int TR 

be, & ate of 12 the light of the first day was 

ſe tuthiniols body, out of hose substance the sun 
5 And stars might afterwards have ben formed. 


Genet chap is 
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Now, ifs cippi6cs ith the eapth's vortex 4 
heavenly body, whether lummous ot not, it 
must inevitably have cause 
| Hence it is probable chis carthi kad been several 
times dissolved, confounded, and thrown inte 
ruins. In te beginning, God created the Heu! 
vens and tlie earth; that is, God created a shape. 
fees mai of matter, in nn Wire eee ä 
« St. 8 — was ai SY 


| thodox, aver y it was diffeule, if nor'alinove n. 
possible to conceive, and much tore t6 EPE, 


what the Six days of the creatior +66; Por B | 
own part, and after a thorotigh Extniladrivd, *be . 

Saint could only determine the creation to have 
been instantaneous ; Simul 6mitid facta sum.“ 
Saint Gregory Nazianzen was also of the same 
opinion: When Moses informs us,“ rays this 
Bishop, that the world was created in the be- 
ginning, it merely signifies, that God created the 
plastic powers and forming causes, and that 
every thing existed on the first act of his divine 
will.“ „“The Scriptures,” again says St. ee 
** do not consist in che letter, but the meaning; for 
were we to keep to the letter, we might broach 
new tenets.” Can there be thus any thing,” c- 
tinues Le Cat,“ more formal, mote express, than 
various texts of Scripture on the system of the 
D 2 e world ; ; 


1 flüx and reflux: 
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world; 4 2 are they not allerroneous ? 60 The 5 

| earth] is fixed to all eternity, says Ecclesiastes. 
“ The Lord has made the earth immoveable,” _ 

says the writer of the Chronicles. . Thou Lond 2 
hath founded the earth so that it cannot be 
' moved,” says the Psalmist. . The sun rises and 
sets, says the Eoclesiastes. « It returns to the 
zame point, and there it rises again; its circuit 
is towards the south, and i it declines towards the 
west. . Isaiah. says, that © the sun went back 
ten degrees,” and that this retrogradation pros 
g's: life. FE inally, J oshua cc * 
| the; sun to suspend his course. N ou. | 
says Le Cat, what would become of all Wi | 
if the most positive literal text of the Old Tes 
tament, or the most — es 2 a. 7 
the fathers, were to be the standards of natural 
Philosophy? The earth, according to the Scrip- 
Amtes, is flat, quare, and supported by the waters, | 
St. Basil, and St. Ambrose, with the whole fa, 
ternity of ancient fathers, rejected the antipodes, | 
as a wild chimera, dangerous to religion-- Fay ” 
be the thought from all Christians, however? 
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concludes this ingenious naturalist, (t that a reli» - | 


gion so true, so holy, so transcendent, should 
have any thing to fear from the progtess n; 1 
nn W N 
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I WOULD here willingly dy n aan 
from fanciful fictions; but the abundanc © of in- 
genuity which has been bestowed upon theories 

of creation, renders it impossible. We will for 

a moment, therefore, glance at the system of a 
most brilliant and eloquent philosopher; one 
whose labours, indeed, have added lustre to sci- 
ence, but whose impetuosity of nmagi * 
generated error, as wild and vnouborantia ar 


any 1 his . 00g 


© The 4. gays Bob, nee ally 
in a state of liquefaction, che greatest part of = 5 
materials of which this globe is composed being 
vitrifications, or vitrifiable by fire. It assumed 
its figure when in a fluid state. The diameter of 
the earth is about three thousand leagues, and 
it is situated about thirty-three. millions ß 
leagues from the sun, round which it revolves. 13 
: "I annual revolution is the effect of two for- 
ces; the one may be considered as an impulse 
| from right ta left, or from left to right; * 


. rerrin Val. 
as an tte an from above W or be 
below upwards, to a common center. Gravity is . 
the general law of nature. The planets, the 
| comets, the sun, the earth, are all subject to its 
laws. The centrifugal force, or force of impul- 
sion, is still unknown: but it is evident, as the at. 
rractire force continually draws all the planets to- 

wards the sun, they would fall in a perpendicular 
line into that luminary, if they were not kept at 
à distance by some other power, forcing them to 
meet in a straight line. If again this impulsive 
force were not counteracted by that of attraction, 
all the planets would fly off in the tangents f 
their respective orbits. The motions both of 
planets and comets are regulated by impulsive 
and attractive force, continually acting and ob- 
liging them to describe curves. May we not 
oomjectute, therefore, says Buffon, „that a 
comet falling into the body of the sun, might drive 
some parts from its surface, and communi- 
cate to them a violent impulsive force, which 
they still retain > The earth, when it issued 
from the sun, was liquid fire. When it cooled, 
vapours, condensed, fell down in the form of 
water . surface, depositing at the same 
time a slimy substance mixed with sulphur and 
salts, part of which was carried by the motion of 

the waters into the: W fissures of the 
A mrata, 


i 


LYEPER, vin. A a 


erat, and produced metals, and the. no. rer | 
mould, pr pen jean. of -anicnal andeuaae> 
table particles, Thus the interior parts of the 
globe were originally compozed of vitriſed mat · 
ter, and they continue $0. at present. Abore 
these were placed those bodies which. che fire had 2 
reduced into the smalles particles, aß Sands, 
which are only portions of glass; and above 
these, pumice stones, and the scorig of melted 
matter, which gave rise to the different clas. 
The whole was covered with water to the depth 
of five hundred or six feet. This water 
deposited a stratum mixed with all those | 
matters which are capable of being sublimed or „„ 
exhaled by fire; and the air was formed of t 
most subtile yapours, ee n | 8 
de le e e e tre or and 


6 Such! was the 8 of "x RA oe the 
tides, the winds, and the heat of the sun began 
to introduce changes on its surface. The di- 
urnal motion of the earth, and that. gf the tides, 
elevated the waters in the equatorial regions, and 
necessarily transported thither great quantities of 
slime, clay, and sand, and by thus elevating these 
parts of the earth, sunk those under the poles 
e 40 ene. The strata are not arranged 
| WS. Lena, 
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rial of which this globe is composed, might in a 
word be in general reduced to its primitive state 
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Wenn matter are Getty placed above those 
of lighter. Rocks are often upon clay and sand. 
Glass appears to be the true elementary earth, 
and all mixed bodies are only glass in — 


Every grain of sand may be considered as a small 
flint, and every piece of flint as a collection off 


fine sand cemented together. The quartz is 
perfectly transparent flint, and in decomposing, 


produces soft tales, or stones, composed of 


plates, generally parallel, flexible, and elastic. 
| Great mountains, which are composed of vi- 

trescent materials, and produced by the action 

of the primitive fire, are immediately connected 


with the interior rock of the globe, which is also IH 
a vitreous rock of the same kind. Every mate- - 


of * if a Sufficient ane of bent were to be 5 
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tinues Buffon, took place when it assumed | 


its form and consistence; swellings and blisters 
arising, as in the case of a block of glass or 


melted matter. In the action of cooling, it was 
furrow-ed with depths and eminences. The vi- 


trescent enn of which. the rock of the globe 
is 
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is coll; and all the nuclei of mountains, 
were produced by the primitive fire. The wa- 
ters have only formed the accessory strata, which 
surrounded the nuclei horizontally, and in which 
are the relics of shells and other productions of 
the ocean. Shells never having been found on 
the highest mountains, says Buffon, nor any 
where much above two thousand fathoms above 
the level of the sea, it is clear that the waters 
never surmounted those high summits, or at 
least remained but a short time upon them. 
They only formed hills and calcareous mountains, 
which never rise to much more That we TEE | 
of two thousand fachoms.” | 


. The cart hives an internal heat,” con- 
tinues this naturalist, © which is peculiar to 
itself. The heat conveyed from the sun is small, 
and would not be alone sufficient to support ani- 
mated nature.” At equal depths this internal 
heat is invariably the same, and it appears to 
augment in proportion as you descend. The 
constituent parts of the globe are homogeneous. 
All the particles are united by mutual attraction. 
Every particle, therefore, is a center, and there 
is no reason to believe that the parts which sur- 
round the center, are denser than those which 
surround 2 other . neither should it be 
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ings, to be otherwise amusing, than as the fairy 
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imagined, that 8 interior parts 0 che Pe are 
- hollow; they are composed of matter of cant: 
denise, n. ns aint to * of * | 
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| wr in pak ea is «the 8 of Buffon's 8 N ; 
tem. I have not conceived it of i importance tis 
exhibit the subject in its full proportions. The 
investigation would have been tedious; and the 
display, however in its detail beautiful, 199 
feebly Supported by clear and probable r 


weg, of an uten and Fele gina 


The be at to  Buſfon's I system 
are strikingly apparent. As to the fragment 
dashed from the sun— this I shall leaye to be ex: 
amined by others. The manner of accounting 
| for the oblate spheroidical figure of the globe, 
may deserve your consideration. Matbemati- 
_ clans have difterent methods by which they ex 

plain this figure. * The great Newton deduced 
it from'a centrifugal farce, and the French philo- | 
sopher, with various others, have followed him. 
But, notwithstanding such high authority, it has 

been contended, that we should never treat of 
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this globe as if it were exposed to certain artifi. / 
cial forces, independent of the natural forces of 
the elements, in which it is inyolved, and by 


| which it seems to be governed. Had it been 
| every where ated upon by equal forces, say 
these writers, the result would have been à per- 


fect sphere; but as the forces must have been 


| upequal, the consequence must be an inequality 


in its figure. The equatorial parts would neces» 
sarily be exposed to a greater degree of heat: 
they would therefore be rarified ; and the polar 
parts, being subjected to a colder medium, would 

compressed; in consequence of which 
the e diameter would be shorter than the 
equatorial; and this consequence seems absolutelỹʒ 
necessary. Hence, it would be unphilosophical 
to suppose, that the earth could be equally affec 


ed in all parts, when it is so unequally circum- 


stanced; and it would be still more so to suppose, 
that the elements which invest it, had no effect _ 
upon its constitution. The exposure of the earth's 


orb io the pans ieee ene 


difference must arise in che several et hs: 


In „ state of 8 


all its parts speak so loudly against this doctrine 


that it is almost unnecessary to descend to parti- 
culars. In what manner could the calcareous and 
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s vegetable matters have 30 e 10 the 
| bowels of the earth, had it been originally vi- 


Were < originally of the substance of glass, theh 
man frame itself must likewise have been 01 
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equivocal terms, © Homo vitrum est, et in vi- 
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trescent? Or _— could the innumerable $trata 
terogeneous substances, 0 regularly 
Etually have fixed themselves i in wh 
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lk every y thing indeed we see, ny every thing 


we do not see; if all the earth, the mountains, 


the rocks, the stones, the trees, the flowers, all 
U. 


glass: man and beast must have been of the 
consistency of a bottle. A whimsical idea this, 


but still one for which Buffon, had he warily | 


looked about him, would have found a solution. 
Becher was, many years before him, perfe&ly a0. 
quainted with animal glass. He tells us in un 


trum redigi potest, sicut et omnia animalia.“ He 
regrets that those nations who drank out of the 
skulls of their enemies, had not been acquainted 
with the art of oonverting them into glass. He 
even shews that it would be possible to form a 


series of one's ancestors in glass, in like manner 
as you could have them in statuary. A skeleton 
of nineteen pounds, says he, burned, affords. 


five pounds of phosphoric glass.“ But the fact 
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is, that granites and flints cannot be formed by. of 
fire. © I will allow,” says Bergman, (and whose 
authority is eee ec that 
chrystals may be produced by the dry method, 
and I know several ways of obtaining them both 


by fusion and sublimation; but I can never be | | 
persuaded that the zeolite has been Produeed 5 


by the assistance of fire: or that a granite, 
which consists of clear quartz. chrystals, solid 
feld spar, and mica, could have been able to ups 
port a fusion without the quartz bu for 
becoming opaque z. or the feld spar 3 
soft ine it even does in a weak. 
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many, as well as by Buffon, s supposed that her 

were the production of fire; and of a sudden con- 
densation. It was even averred, that flints could 
be artificially made by a process of fire; and the 
truth of the opinion was rested on flints never 


having been found to contain petrifications, or 


the marks of any organized body. But, on bet- 
ter observation, the reverse is found true; for 
nothing is more common in cabinets, than flints 


containing not only petrifications, but even mars 


of organized bodies, surrounding the petrifica · 
tions. Moreover, not the smallest trace of the 
| action 
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Aion of fire is ever wi 


aner ace in gend found where its and . 
bedded ; which is of itself an unequivocal and | 
OY confirmation of their formation int . 
: “ Madrepores, and fossil shells, with | 
hs ann matters,“ says Rome de PIs, 
_ © form thernselves into silex, in proportion as thi 
fixed air, which is a eonstituent part of "their - 
substances, is disengaged by some othier acid, 
aud is replaced by that seid. Hence quartz, 
agate, silex, and flint, according to the degree 
of homogenity, which the aggregate of the ne 
combination has acquired. Nor is it uncommon 
to find a shell the nucleus or the mould ef a 
tions of quartz; and the surrounding mass, 4 
common agate. or flinty substance. In the 
neighbourhood: of Beauvais in France,” ys 
Monnet, silex is to be found in abundanee, 
exhibiting all the marks of the 1 | 
de la crate, a etat de la pierre a fusil. 4 I expfes$ 
dee so, says he, because I think it cannot 
be doubted that chalky or calcatcous matters, are 
those from which silex is ace een, 
is of the same een RH 
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Arbe dhe | 
tial and frail an edifice, he yet is to be revered 
for the success with which, in conjunction with = 
M. Daubenton, he exploded a multitude of ab- 
surdities; and for the very close manner in 


which he in other respects followed nature. The 


supposition bf Buffon, which was embrated with 
some little variation by Hollman of Gottingen, 


that the waters of the ocean, by their on 
weight, had burst into caverts beneath, and 80 
Separated land and water distinctly, was some 
time after its publication boldly opposed by 
Mons. Raspe, the ee at oy Tas” 
works of e e | 


3 
t 


M Rane dab l 1 as iid, RESIN 
the existence of such immense caverns as would 


swallow up so much water, as was necessary to 


leave dry mountains upwards of twelve thousand 
feet above the surface of the sea. He reprobat· 
ed the idea, 2 FOE been generally held by 
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| derably lower than it was formerly: he ingisted 
on the credit of Donati, that it is higher than 
= 7 was in ancient. times, at least at ome places, 


He said, neither the actual conformation of 
ains, with their different inclinations of - 


4 2 nor the . ph of the . "il 


= 8278 _ 6c in-what manner 33 of the. Ws | 
after having raised up a quantity of and, earth, 
stones and shells, should deposit them 48 
horizontal and parallel beds.” The laws; of. hy- 
drostatics do not appear to admit of the pot - 


bility + of any such method 4 and still much | les 
of the existence and action of those torrents, at 


the] bottom of the sea, which the French 1atura- 
list conceives to penetrate the strata ofthe moun. 


tains formed there, and to open ang I 
to divide them into. hills and vallies. : 


it has been asserted by many, particularly: 00 


Doctor Tozzetti, an ingenious Florentine, that 
the sea is much calmer; or has less motion at 
the aner than in 9 ens nearer its surface. 
17 1100 WP 1 

0 1 Buffon; 8 we Rao Mons, 
Rowe did not admit of those terrible volcanos 


An Abbe Mor 0, e in some re 
| | 5 TOY 


met with any marine substanc | 
stratum of cinders' or r of FORO 1 | 
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eee | 
the he eres , wherein they bam mine 


ided, according to their different speciſiò gtavi- 


ties. The * mixed wich in- 


. marine animals,  obscrvable over the 
whole face of the earth, suffici | 


hypothesis. He tad obtervad;diinibwnativſin. 8 
veins . od, marble, chalk, marble and slate, 


aon of à burning soil, or of 


| ee substances; but, rather of a sedi- 


ment disposed by the agitation of the sea. At 
the same time he remarked, that he never had 
es or ee in a 
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++: Range farther «grid chat "_ Strata of - 
which the surface of the earth is compounded, . 
were originally formed at the bottom of the sea 
by the constant agitation of the waters, and the 
continual production and dissolution of plants and 
shells; after which, the subterraneous explosion 
and carthuikli breaking through the bottom 
of the sea, not only formed banks, hills, and 


submatine mountains, of its broken parts, but 
vo. r. ee 


at oth rhe ennie. 1 
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hrough into as is thus made by pre- 
vious eruptions; chat at others, again, the vio- 
lence of the subterraneous explosions was $0 great, 

as to remove such mountains from one place to 
another; while the heat of the fires was 30 in. 
tense as to melt, calcine, 07 npert, adjacen 
W ne,, len v7 1 


. ee „ ee 
it may be believed, (here Wwe may safely join 

issue with Raspe) the same with the primitive - 
crust, or the matter with which the earth was 
covered at the creation. The surface shews very 
evident marks of variety of revolutions. In some 
parts, the crust consists of regular beds of earth, 
of sand, of gravel, of stones, placed horizontally, 
but not specifically according to their res | 
gravities. In other parts, it is a mass of hetero- 
geneous matter, which might appear to hae 
been thrown together by hazard: earths, sands, 
flints, shells, confusedly huddled, and in the 
midst of them animals and vegetables. How 
these things were brought about, it is not AY 
| to determine. It is, ere clearly o 
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nents, it had a mountainor 
ther the waters, nor any known cause had form · 


EO 


| LETTER” . . 1 75 1 


| — A kach indess 


ie A Lone, or rather à shell, 
which Ee quite around, and envelopes 
the whole globe, like one of the coats of an 


onion. Strata are found in all directions, hori- 


trine is thus found not to be free from difficulties. 
The production of mountains was too rare a 


phenomenon, to support a general theory: and 
wann e eee and mountains which 


lore, bur den deem one of ire | 
eee Fee pt 
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In e to Buffon, De Dada came 
forward about the same time with Raspe, with 
strong and well pointed argument. This writer 
supposes that when the sea covered our conti- 
8 bottom, which. nei- 


ed, and which he calls primordial. Some of 
these mountains arose above the surface of the 


n proponent . 


ed, Pie bea, did bee the 
modern ones, had its tides, its eurrents, and its 
J tempests. 


xrontal, perpendicular, oblique, even sometimes | 
waving up and down for a short way like a b bigh - 
sea on the abatement of a storm.  Ragpe's docs. 
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e — of calcareoussubs ances, 

mixed with marine bodies. The rivers, in the 
mean time, carried to — th „ 
ments of terrestria 1 
| Set; eee te its ates! ana 


eee 4 upon t the an bottom. 
6-6: Fi ires . A dude, says De 
formed by the fermentation which the waters; 
fltrated through these bodies, produced, made 
various openings in the bottom of the oceanz | | 
whence proceeded torrents of liquefied substances 
and lava, which gave rise to the volcanic mounts : 
tains observable on the surface of our continent 
These excavations, when large quantities of 
elastic fluids were engendered, at once produced 
earthquakes, which shook even the mountains, 
and occasioned in them chinks and openings. 
These chinks were prevented from closing, by 
the ruins that fell into them ff 
the mountains, and being afterwards filled with 
heterogeneous substances, in whose composition 
the sea water and subterraneous fire may have 
concurred, exhibited veins, in which, since the7 
have been dried, the filtration of the waters has 
produced a variety of changes, of which many 
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time to time. "Hence thru di nk 
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I Aris end of this fir 
volution,“ continues this philosopher, *'the zen , 
covered all the globe, except the islands of its 
ancient bottom, which increased in number and 
magnitude, but continued still separate, until „ 
che weight of the water, added to that of the Fe 
superior vaults, crushed the inferior ones, and 
 Ceepened more and more the new bed „ 
ocean; 50 that at last by a motion, rapid though Os. 
not violent, all the waters withdrew from their. ti 
former bottom, 9 5 
the witers, this Gori wh they p6cls 5 
ced, in combination with fire, and other physical 
agents, ceased. The old volcanos were therefore _ 
extinguished, and new yolcanic eruptions arose 
in the new bed, to which the waters withdrew. _ 
The two general sources whence the new earth - 
(our Oy Waun in 9 5 
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' the a ct iid population, were th 
| plants, seeds, and animals that the sea, during | 
the great revolution, carried off from the sink- 
ing continents, and which, driven by the wind 
Tn rr 
(our present mountains) in proportion as r 

| aro8e out of the departing ocean, and | 
| e (hs PORE RE ontinents. 


12 tinually accumulated ; the change of ö 
3 face ice; Mo Hos the mountains 


are the five classes of phanomena which Dy | 
Luc with considerable ingenuity. employs, 0 
prove the recent origin of our continents; and | 
to shew, that the present state of the earth's | 
 - gurface is not of a very ancient date. He 


peculiar to the earth; the one attributing it to 
the earth's being a piece of the zun, and the 
. Other to a central fire. He demonstrates, that 
the zun is neither a liquefied and burning zub · 


e a of wigertcion con- 


by the mouldering parts; and the substances 
which the. rivers carry into the sea: — these 


refutes Buffon and Miran's notion of a heat | 


Stance, nor could be put in fusion by. the motion 
Ren that the earth was not 
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„ „ . 0 RE” 
« 1 
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i= 
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the e and changes of our continents by 
the motion of the sea from east to west, and 
also chat the waters may again cover all arts of 
our globe, are cont ry to the principles of hy- 
drostatics, and to the authority of natural his- 
tory ; that it is not true, that the seas diminiss 
in volume, or sink gradually beneath their level; 
and that the successive cooling nnen 8 
Lane N 


ce Mountains any cram}? continues Do : 
| ormed in the heart of the ocean: 
the flux, reflux, and currents indisputably ag- 
gregated large quantities of matter, and formed 
these mountains at the bottom of the sea. But 
it was asked this philosopher, could the flux, 
the reflux, and the currents dispossess these 
mountains of the surrounding waters, and exhi - 
bit them dry on the face of the globe? The sea, 
he must acknowledge, is always at the zame 
level; the motion of its waters is horizontal: 
wherefore, without some other cause than these, 
mountains must have continued in their pristine 
State to eternity. To this De Luc replied— 
| Eq 5 EO 
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e deen atis p e uns, inde 
not the smallest ———_ 1 44 ate formed 


under the watets, and this fact causes an n | 
mountable difficulty in classing mountains. 


depots in the sea: but on the contrary, there are 


others which have not the smallest vestige df 


such an origin; or if they were created in the 
sea, must have had some other cause than that 


of successive depots,” and have preceded the ex- 


istence of marine animals. But in truth, 
says he, © there is no occasion to have 


to different continuances of the ocean on our 
continents, for the explanation of the formation 
of the secondary mountains. The reyolutions 
which the bottom of the sea must anciently have 
undergone, and the cones of volcanos, are suf 

ficient to account for the formation of the 


secondary mountains. From these revolutions 
different depots must have arisen in the same 
Places, or in neighboui ing situations. As 00 
the different nature of matters, whether vitreous 5 
or calcareous, these transmutations may be con- 
ceived to have been produced under the waters, 
without having recourse to marine animals. 
Neither do I insist upon this,” says De Luc, * ff 
it shall be in any manner ohjected against me. 


It is very difficult to ee on auen points: 
at 


8 «If I EN rare: bse 
marble,” says De Luc, I have no difficulty in 
ranging them in their proper classes. Granite 
is a hard substance which gives fire 0 steel; 
marble is soft, and can be scratched with a knife. 
Granite, exposed to a certain heat, is reduced 
to a glass; marble is reduced to a lime. Gra- 
nite resists an acid; marble is corroded by it. 
It appears then that these substances are totally 
different. As to their formation, granite has 
no beds which can mark it to have been raised 
by accumulations: whereas, on the contrary, 95 
marble is always in beds, and besides has mani- 
fest tokens of having been formed by accumu- 
lations at different periods. The crystallization 
which are found in granite, are almost always 
of a siliceous substance, quartz: whereas marble 
has always spath, which is a calcareous one. In - 
granite, there are mines of tin ; but tin 1s never 
found in marble. In marble, marine bodies have 
always been found]; in granite, never. Thus, 
of these two sorts of mountains, the one offers 
nothing which can authorise us to suppose it 
formed in the sea; and the other offers every 
thing to ascertain such formation. The former 
e 11 5 then 
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mine the impressions of foreign een as 
- $hells, fishes, vegetables. These undoubtedly 


Another species of mountain, likewise, is that 
which is composed of a sandy stone, and has no 


Is it not possible, then, there may be 
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men I call primordial and che latter secondary 


mountains: and in places where they are inter. 


mixed, it will invariably be found, that those 
which have been formed in beds, and which con- 


, tain marine bodies, often cover those of the other 
| class, but are . found covered vice vera. 


But besides these, says De e 755 we — 


little inclined, which contain between We 


are secondary mountains. Other ae again, 
are found with their beds vertical, and vn 
either vestiges or marks of other su ' 


traces of marine animals, and which, in, their 
intermixture with the primordial mountains, 
often cover them, but are never covered by them. 


the bottom of the sea, where there are -— 25 
mals, or where men chuse ole? 


| „ The 8 mountains on. the ahi 
continues this writer, were not formed under 
the waters; they owe their origin to some other 


cause; and they are by far the most numerous, 
The Alps che Arne, the Pyrenees, and I 


doubt 


hw 
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sas, * Cordelliers are uſe 4 i 


It is agreed, but erroneously, ee 


dial and y classes of mountains must 


bave eee, the sea, and that 
the latter (by being found intermixed, and by 


reposing on the former) must haye been creating 


in the ancient ocean, at the time when the pri- 


mordial ones murenenivet hed EE The 
real fact is, however, that the sea makes two 


zorts of mountains, in their nature totally diffe- 
c rent. The one is form 
on its shores, The latter arises every where, from 
light moveable substances being pushed from its 

interior to its exterior. For, let the wind blow _ 


» 1 1 
— 0 L its ; 3 8 
. 


, 


from whatever quarter of the compass it may, 


| when there are waves, they will always roll to- 
wards the shore: and the tide also daily drives 5 
substances before it, which the reflux never 
carries back. Thus, by both one und the other 
of these causes always acting, there must be col - 


lected on all thores, where there are not currents, 


shelving banks. As to volcayic mountains, the 
manner in which they are generally formed is 


this: A mouth of fire is opened in a low 


that is to say, on the level of the soil: that 
mouth vomits # quantity of burning matters; 


„een W thrown 


into 
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er On 0 . of ah 2gth. of September | 
1538, after two years of almost continual-earth» 
quakes, and above all, after a day, during which | 
the earth was constar itated, an opening 
was forced in d of + feels: Plains 
of which issued fire, stones, and sand, Which 
formed the little mountain called 77 Monte Nee 
men, and cattle; and buried under its accumulate 
ed matter, the whole Burgh of Tipergola. It is 
about three miles in en and a r - 
mile i an height.” | 3 3b" hte 07 
| | LEP. 
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'T HE : eee had b tom ang of 
| the production of certain mountains by voleanie 


eruptions, Was rains * "ou" — 


— 


whatever. «Mann Palla'ragleniak I 
to refute, by whas he cm undoubted facts, 
the antiquated opinion, that mountains arose 
from the waters. He travelled, by-order of the | 
Empress of Russia, through her dominions in 
| Europe, and in Raa; and during the course of | 
a minute and fatiguing Inveatigation, found that 
the majestic primitive chains of mountains of 
Siberia were all granite with a basis of quartz, 
more or less mixed with spars, mica, and little 
portions of basaltes, scattered without order, 
and in irregular fragments. This ancient rocky 
substance, and the sand produced by its decom- 
position, he held to be the basis of all our con- 
tinents. This granite he never found lying in 
strata or beds; it was either in blocks, or in 
masses, accumulated upon each other, and never 15 
1 the least mark or "gs of petri- 
faction, 
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998 adden, or of organical hens.) Beate | 
which, he maintained, that in addition to these 
: 3 primordial mountains, there were others of a 
more recent origin, * ary 
and tertiary : the former, which were W 
. «the aidte ef WG 
mordial mountains, by che de composition of the 
granite ; the latter arose from the rr 
an RETAIN Jations. 


3 e imilar, | 
"hrs ingeniously contended that mountains were 
 incontroyertibly produced by volcanos, and ut 
volcanos by mountains. The entire bam of | 
the Island of Ischia, says Sir William Hamilton, 

e about eighteen miles in circumference, (is | 
formed by lava. The great mountain in ity for- 
mexly called Epomeus, and now San Niels, 
Which is nearly as high as Vesuvius, was throws | 
vp by degrees, and the entire island has ane 
out of the sea. The same creation he gives'to 
Vesuvius itself. For why,” said he, Shen 
not Vesuvius, in a succession of ages, rise to-two 
Thousand feet, when it is well known Montagne 
Nuovo, near Puzzole, rose out of the Lucrine 
Lake in one night? But, as I have already said. 
This was no new doctrine. An Italian writer 
; on rr | poliert 
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genes. a book at — in 2740, in which ; 
„Se neo e eee 
with u them th chells of bes, deen marine ; 

Even in Hooke's Dae. on N 
lihed in 1688, mention is ms le of the bottom _ 
of the bea having been raized by subts neus 
fires; and he accounts for the shells which aro Ef 
found on mountains from that principle, and 
thinks it not improbable that ae were 
instrumental in occasioning the deluge. But, a 
mountain at Taberg in Sweden, said to consist 
entirely of iron ore, (the only ore, by the way, of 
which entire mountains have ever been found to 
be composed) four hundred feet high, and in cir- 
cumference about three miles, seemed to admit of 
no positive explication, but on the contrary, went 
to the solid conclugion, my" no we pro» 
posed for the form | | 


proved satisfactory, or r free ——— 8 + 


No ore was found beyond the foot of this moun - 


| tain, It appeared as if it had been artificially laid 


upon the land; and yet ron eee 
A „ 


— 
some eminences on chis 4 improperly called 


mountains, ts 
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ag . nr ne into nag: 4 
| Bows ne no sufficient refutation of the opi· 
nion, that volcanos, so far from being causes to 
operate to the raising of mountains, are direQly | 
the reverse, and most decidedly; tend to theit 
lowering and destruction.“ The earth is rather 
depressed than elevated by forces from beneath. 
No volcano, or earthquake, ever produced, 
within the knowledge of man, what could he 
called a mountain. The shock would be too 
great for the globe. In all the tremendous ac 
cidents, which have happened within the me. 
mory of record, has there ever been one, whenc 
proof can be deduced that a granite mountai 
has been raised? The contrary I 0 
pose to be the case. Moreover, the configuration 
of their internal parts renders it incredible, that 
structures so uniform and regular, should have 
been produced by sudden 3 or de- 
en suecussions ck the earth. T7, 
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-Borelli on this eee Wenn, dhe M | 
of a volcano neither proceeded from the center, ; 
nor from the bottom of a mountain, but from 


the top; and e the Web never mne 


0 Buffon 


by rg 
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but at a ankall depthi... Buffon adopted the same 
opinion, and maintained, that the materials 
which issued from volcanos were always the same 


with those on the top of the mountains, only 


disfigured by calcination, and the ming of the 
metallic particles they contained. Fire, says 
he, © it is known, acts equally on all sides. It 


i cannot therefore act upwards with a force suffi- 
cient to throw large stones half a league high, 


without an equal re- action on the base and sides. 


Why, then, if the volcanic matter lies deep, does 


it not issue out of plains, where the resistance is 
less than on the top of mountains? This is not 


inconsistent with their being the cause of con- 
siderable earthquakes, nor with their communi- 
cation by subterraneous passages. It is not 


difficult to discover the reason why volcanos ap- 


pear only in mountains. Greater quantities of 


minerals, sulphur, and pyrites exist in mountains 


than in plains. Mountains are more Subject wo 
the impressions of the air, and receive more 
rain and moisture, by which mineral substances 


are capable of being fermented to mel a degree 
as to n actual nene ld 


| But, ingeniontes this Ph ah Wk Satisface 
torily founded. Fire must be supposed much 
deeper than either the centers, or the basis of 
e EK | " | moun» 
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Won FO 95 Buffon; ini . 
voleanes never exist but in high 


yet he supposes that some — 


| - others by subterraneous passages, the eruptions 
not unfrequently happening at the same time, 
© Volcanos,” says he in his figurative language, 


are immense caverns, with apertures often of 
more than half a league in circumference; and | 


himself might have conjeCtured, the fair result of 


investigation seems to establish that 1 4 


(and they have been peculiar to no clim 
neither a necessary, nor, in 2 general, an e 
connection with other mor 
sea, indeed, they invariably appear to have had 
the closest and most inseparable alliance. All 
such as have been traced in a living state, have 


8 9 < 


been found, in general, in the neighbourhood - 


of the sea. Those extinguished, though in the 
inland parts of countries, afford convincing proof 
that the sea has been in their vicinity, when they 
probably were in their strength. In Peru, they 
rest upon granite; in Hesse and Bohemia, on 
Schistus; in Silesia, Italy, and other southern parts 
of Europe, on lime · stone; and all these gubsrances 
are indisputably of aquatic origin. Subter- 
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Soned, are not to 5 ee hon Caps 


mine, in 1755, writes, that all the hills and 
mountains about Naples are huge heaps of Mat- 


ter vomited by voleanos, which are nom extinQ, — 


whose eruptions,” anterior to history, seem to 
have formed the ports of Naples and Puzzoli, 


He could trace lava the whole way from Naples 


to Rome. It is impossible, says he,“ for any 
one not to be satisfied of a perſect resemblance be- 
tween the productions of Vesuvius and those he 
will meet with at every step in his way from 
Naples to Rome ; From Rome to Viterbo; and 
. When I see on an ele- 
vated plain,” conti des be, a „ circular bason, 
surrounded with calcined rocks, the verdure with 


which the neighbouring fields are covered does 
not impose upon me; I anstantly perceive the 


ruins of an ancient volcano. If there be a breach 
in the circle, I find out the passage of the tor- 
tent of lava. If chere be ve breach, ahe min 
no issue, generally form a Jake in the mouth of 
the volcano. I look upon the Ape: and 


Cordelliers as a chain of volcanes,. I do dot, 


indeed, affirr that all ohnning fr 46. J could 
| "ES | not 
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84 ken *. 


not obzerve-the: same af * 

but T have found the same in Davpbiny tu 
Provence; and most countries afford stine 
" it. 57 3 r 2 Fae RHh ih 


- What: Gand hays; „ 15 bene * | 
T he coast of Pausillipo, at Naples, the Caps 
de Monte, and the whole mass through Which 
the catacombs are excavated, are all indutatel 
tufa & piperno, which is so readily 'distin 
guished by its fragments of close grained law, 
The shores from the ruins of Pompeia to the e 
for the distance of two miles, are known'to be 
formed of pumice stone, pozzolano, and cinder; 
that fell in the year 79. In short, the whole 
Sweep of the bay of Naples, from Stabea to Bun, 
is nothing more than volcanic matter, meliorated 
by time and culture into vegetable earth. On 
this subject Micheli published in 1733. He 
was the first who pursued the traces of yolcanic 
productions among the Apennines, particulach 
in the neighbourhood of Radicofani. The ob. 
servations of Condamine, however, seemed 90 
establish one strong fact, namely, that the Alp 
has not the smallest vestige of a volcanic origin 
Notwithstanding all this, the theory of the vol 
canic formation of all mountains was for 4 
wg time e * struggle 


for 


for their opinion with à violence resembling 
that of their favourite element. But they were 
721 length staggered. Farther observation gave 
increasing probability to Condamine's ideas re- 
lative to the Alps. Mons. De Saussure, the in- 
trepid and respectable ornament of science, at 
present at Geneva, particularly supported then - 
in one of his publications. Jusques à ce jour, 
says this able man, on n'a trouve aucun vestige 


5 


l 


toute la Suisse; & qu 'apres avoir- visitè moi- 
meme en bien des endroits, & avec attention le 


8 


o be plus scrupuleuse, toute cette partie de la chaine 
defy, des Alpes, qui tend depuis Grenoble jusques & 
dale e Inspruck, je n'ai pas appergu, à exception de 
zal, quelques eaux Thermales, le plus leger indice 
ated de feux souterrains.” But, of this, we $hall have 
. much more to say hereafter; I shall, for the 
"He present, merely remark that De Saussure himself 
a has, since this publication, discovered indisputa- 
* ble volcanic remains, not, indeed, immediately 


among the Alps, but, in fact, not  yery distant 
from cheir e 5 


K 2 


D 


des volcans, ni dans nos environs, ni meme dans 
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LETTER xI. 


FROM the preceding letters you will, I fear, 
have been wearied with theories and systems of 
the earth; but the exhibition was necestaty. 
Nor can you now be released _— 
nious philosophers of your own country, Mr 
Whitehurst and Doctor Hutton, 1 wi 
their ty Shall have been troduci 


MI. Whitehurst su pposes that not ak os 
| globe, but the whole of the planetary system, 
was once in a state of fluidity, and that it ac. 
quired its oblate spheroidical form by revolving 
round its axis in that state. Each orb,” gy 
be, © has its equatorial diameter greater than itt 
polar. Each is subject to the same laws of ga- 
vity and centrifugal force. Consequentiy the 
earth, if it were created, must have been brought 
into existence in a solid or a fluid state. If solid, 
it must have been dissolved, and yet no uni- 
versal dissol vent has been found in nature. Flu- 
idity, therefore, was its state, and that fluidity 
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was owing to the first assemblage of its com- 
ponent parts. The component parts,“ continues 
he, of the most dense bodies become suspended | 


in whatever menstruum they are 'dissolved — 


Gold in aqua regia; silver in aqua fortis; salts 
in water; and water in air. The component 
parts of the earth were thus suspended in one 
general undivided mass or | pulp, without 
form and void.“ This was the chaos. These parts 
were indued with a variety of principles or laws 
of elective attractions, though equally and uni- 
versally governed by one and the same law of 
gravitation. They were heterogeneous, and by 
their attraction, progressively formed a habitable 
world. Not, indeed, that God was unable to 


have formed an habitable world in a moment. 


Jo him every thing was possible. But, as man 
can judge only of modes, so by modes only can 
he conceive a creative operation. As the com- 
ponent parts of the chaos, proceeds Whitehurst, 
© progressively separated, the sea universally pre- 
vailed over the earth; for, if during the separa- 
tion of the atmosphere and the ocean from the 
chaotic mass, the earth had been perfectly fres 
from the attractive influence of all other bodies, 
the solids would equally have subsided from 
every part of its surface, and consequently have 
become equally covered with water. But the 
£4 - an 
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as the separation of the solids and fluids in- 


rkhat the former began to consolidate before the 


| laws of nature to suppose, that the central part 


had imagined. As the primitive islands, “ con- 
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sun 10 moon were coeval aich the * and 
their attractive influence interfered with the re. 
gular uniform subsiding of the solids; fer 


creased, so in like manner the tides increased, 
and removed the solids from place to place, 
without any regularity. And hence the sea be 
came unequally deep, and those "inequalities 
daily increasing, in process of time dry land ap- 
peared, and divided the sea. Primitive islands, 
thus like sand banks in the sea, became formed. 
And hence, as the central parts of the earth be · 
came more immediately quiescent than those Ly 
mote from the center, it was to be presumed 


latter; and, therefore, it was repugnant to the 


Should consist of water only, and the more su; 


tinues Whitehurst, were more ponderous and 
less elevated than the bottom of the sea, may 
we not infer that the former more immediately 
subsided into the ocean of melted matter than 
the latter, and therefore became the bottom of 
the postdiluvian sea; and the bottom of the 
antediluvian sea being more elevated, was con- 
verted with the Pondiluvian mountains and 

continents? 
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continents 2: 1 conjecture! this,” says EE ce pe. 
markably confirmed by the vast number of fossil 
chells, and other marine exuviæ found imbedded 


near the tops of mountains, and the inter 


parts of continents, remote from the sea, in all 
parts of the world. Hence mountains and con- 


tinents were not primary productions of nature, 
but of a very distant period from the creation 


of the world, a time wherein the strata had ac- 
quired their greatest degree of cohesion and firm- 
ness; and at 2 time, in which the testaceous 


matter of marine shells was become changed 


to a stony substance; for I have frequently 
observed in the fissures of lime - stone strara,” . 
proceeds this philosopher, „fragments of the 
same shell adhering to each side of the clift. 
Some of the postdiluvian mountains, we know 


to be upwards of three geographical miles, or 
19, 26 feet above the level of the sea; whereas 


we cannot suppose the antediluvian hills to be 
more than forty or fifty feet perpendicular 


height above it, since they were formed by the 


action of the tides, as sand banks are formed in 
the ocean.“ Mr. Whitehurst afterwards goes on 
to the exemplification of his data, and in 0 
doing discovers a very accurate knowledge of 


mineralogy, and of the peculiar properties of 


the several strata of which the surface of the 
ann 
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c composed: but still it is dont possible 
bo mibicribe/1o-his general e doctrine. For, why; | 
for instance, must the world have been created 
either absolutely solid, or absolutely fluid ? W 

might it not have been created partly one und 


F partly the other, as is evidently its state at pe. 


ple of reason to be supported, although they afford 


sent? Or why should we admit that the loftiest 
af the antedilavian hills could not have been 
more than fifty feet in . Such assertion 
as these are too arbitrary to be implicitly ac- 


quiesced in; nor in fact are they upon any prinei· 


their author an opportunity of e 1 
information and i ingonunty: 


This ans of Mr. Whitgburst 4 is ia 
you will perceive, in opposition to those which 
had preceded him, if we except only in some in 
stances that of Monsieur Le Cat. But a vitreons 
or a turbid fluidity ; a world formed from à mas 
of burning matter, or from a mass of muddy and 
heterogeneous particles; each and all are fat 

from affording a satisfactory explanation of tho 

manner in which the God of Nature effected a 
creation. We might with equal propriety admit 
of the idea of the celebrated Doctor Halley, 
who, in attempting to account for the variations 
of the magnetic rently by reason of a loose in · 
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the world we lie — — 
habitable world within it, surrounded by a y- 
raneous luminaries, similar to chose 
which give light to che upper earth, per 
hn ED PO 


Next comes np andIbelieveir is er 
latest that has been published, of a naturalist of 


eminent abilities, Doctor Hutton. His general 
zystem may be comprised in these four propo- 


sitions. st, That all our rocks and strata have 
deen formed by subsiden 
= 2 former ocean, from the decay and waste of 2 
former earth, carried down to the sea by land 
floods. 2d, That these submarine rocks and 
strata were heated to the degree of fusion by 


: under the waters of 


Ab few. while emersed under the wa- 
ters of the ocean; by which heat and fusion the 
lax and porous se 


by the melted matter, while the whole mass was 


_ itrata, so formed and consolidated under the 
forced up from under water by the expansive 


power of the /subterrane 


of our habitable earth, and of the loftiest moun- 
3 | gy tains ; 


iment was consolidated, per- 
fectly cemented, and all the cavities filled up 


tag, ng, 
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law agranbwonice.of the globe. wm That 
| thee operations of nature, namely, the decay and. 

waste of the n the forming and consoli- 
dation of new under the waters of thi 
| 1ang ge ofthe nom forming 
under water for future dry land, are a progressive 
work, which always did, and always will go on 
in a "aig amen e world "REY 


15 


I alia ph; Door 0 3 
clear of a rencounter with the sun; which it 
had been well for his predecessors if they had 
avoided also; and I, in glancing at his theory; 
will attempt to be equally prudent, and neither 
give a conjecture at a solar shock, nor inquire 
whether the center of the earth be a solid or 
fluid, light or heavy, dense or rare, hot or cold. 
I have no business with what I cannot examine. 
The superficies of this planet is all that is given 
to my inspection. Doctor Hutton, however, 
treads rather too much in the steps of Buffon 
on the one side, and of Moro on the other; and 
gives too implicitly into the belief of the eternity 
of the world; notwithstanding, he is satisfactory 
and perspicuous in many parts of his system 
For instance, the decomposition and waste of 
the surface of the rocks and atrata of mount» 
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tains and cavernous Rota” Sa 
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which are to me ev 
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Aa to say, that the earthy matter, borne 


down by the floods, is not frequently thrown back 


upon the shores, into bays and creeks, and into 

the mouths of rivers, whete it forms deltas, and 

in many instances, enlarges the bounds of the dry 
land. The Ganges, the Indus, the Nile, and 
various celebrated rivers, prove it. But with the 
wrecks of the earth in general, together with 
the aid of similar earth at the bottom of the 
| ocean, I am greatly mistaken if we shall not 
find that that which is, might have had a sub- 
marine formation, and that which may be, may +. 


naturally be supposed to have a like progres- 


sion. But, in regard to the doctrine of the 


consolidation of our rocks and Strata, while 
under the waters:of the ocean, by the heat and 


fusion of subterraneous fire, such hypothesis is 
too slenderly supported by phænomena, to be 
easily adopted. The very feverse would more 


probably appear to have been the case; for fire 


35 not wanted for the consolidation of the parts 
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upon Wich these theories are attempted to de 


| fluidity can be supposed to be in their forma · 
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— 
—— — — 

414 —— 

” 


— ——————ͤ —⅛ 


: . 1 


9a Aerrzx xt; 
itz, ins 


hic are mak by the cope 
particles, accumulated and deposited by water. 


More of this, however, in its proper place. I 
have only this remark to make, 'that to me it is 


heat, as it is to mount to the sun for an imagi- 
nary glass; and that all terrene and mineral 
subsrances, with a few volcanic exceptions; point 


pun ere ogg V1 ' 2008. 0 


But a ur priaciple of . — 


iffords as little assistance t- 
wards ne as their original state f 


tion; for if every ching was arranged a- 
cording toits specific gravity, metas zhould be 
nearest to the center, and be to the earth um 
the stone is to the fruit. If gravity regulated 
every thing, why is the earth uppermost, when, 


che waters Let, although we are thus p« 


mo 
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ales df les theories, chere yet comes a Stagger- 


ing, perhaps an unanswerable question What 
must have been the constituent parts of the earth, 


or its general conSiStency, previous to its ar- 


rangement into its present form ? Here, I own, 
we are in total darkness. It is easy for us to 
dissent from the admission of the solar frag- 

ment, of the central fire, or of the chaotic fluid; 


but what is to be substituted in their place, I am 


afraid, it is out of our power to discover. Let 
us rest, therefore, where we are. It cannot be 
50 incomprehensible a subject. The mystery 
of creation is greatly „ the powers of our 
intellect, 


It is wonderful ink to a and you must 


pardon me for again repeating it, on the hardi- 


— 


for our interest, or our satisfaction, to investigate 


ness of Philosophers. To the mechanical erec- 


tion of a common fabric, they would compare 


the divine formation of an universe. Is it not 


to be asked them, if they have ever been $0 cir- 


cumstanced, as to see nature in any such situ- 
ation, as to resemble the first arrangement of 


the elements; if within the circle of their little 
view, there ever have been worlds formed under 


| their eye; or if they have had leisure to observe, 


compare, and judge of the Progress of the work, 
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to begin and examine the inward frame of tha 

| PRA and from the bare inspection to tell you, 
what the taste of it must be? We have 1 
right to demand every thing from a reason like 
his, which comprehends and accounts for eyery 
thing. This reason was, in the philosopher; 


structure of the planets and stars. It has seen 
man, animals, and all living creatures distinct 


wise the structure of the animals and Plant 
which are only the effects of that cause. Bu 


the concurrence of the elements of the fruit i 
self, after having analyzed and dissected i 
Thus, if his reason proves altogether helples, 
when from the structure of a body, which: be 


the necessity of such and such a taste; What 
must his attempt be, when he presumes to er. 
plain the formation of a world. __ 
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from its first ap ear: Ac | 
consummation? Present to Des Cartes,” 82 
LAbbẽ Pluche, 4 a pine apple. Desire hin 


own opinion, capable of deri iving from the idea df 
homogeneous matter, primitively put into mo. 
tion, the generation of the world, and the tue 


proceed from the same matter; and its knowing 
the cause, argues the necessity of knowing like: 


Des Cartes, with all his knowledge, will never 
find out that taste in his reason, nor even in 


sees and dissects at his pleasure, he is to deduce 


* Spect, de la Nat. 


„Te ancients, as well as the moderns, tortured 


tions, for a N of this inexplicable point. 
All in vain. Anaxagpras, it is true, in his Ho- 
mæomeria, would seem to have had more than 


a casual glimpse of truth, for he contended for 
simple nature, whose elements were indestructi- 
ble; but, he too, unluckily deviated into the 


regions of extravagant hypothesis, and thence 
produced a world, which, in its creation, was 


merely indebted to God for putting together such 


parts as already had been made, and for nothing 


else; as if we should say, a lion was an aggre- 
gate of little lions; an eagle an aggregate of 


little eagles ; ; an earth an aggregate of little 
earths. But the number of great minds, which 


have, in all ages of the world, wandered after 


the elucidation of such sublime, but bewildering 
conceptions, is too great to be credited. Demo- 
critus, Epicurus, Lucretivs, Aristotle, Gas- 
sendus, Des Cartes, with the numerous family 
of the scholastics, all ran into the same track- 
less error: and, as has been well observed, when 
they have taken their own reason for a judge of 
the structure of the world, which they were not 
appointed by God to construct, govern, or un- 


derstand, all that N have each of them apart 5 
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has been. found baseless, and un- 


d about the ch 
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ation of 


| the f 


s and 
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universe, 
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intelligible; beyond their reach, and 
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contradicted by reason and ex 


perience. 
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- Max, it is 12 is as LY to intelleQual_ 
as he is to corporeal necessities. To the energy 
of the mind no limits can be prescribed. Of 


were we permitted to unravel and trace the wind- 

visible powers which give it efficiency and action; 
| to form a judgment of the first principles of the 
elements; even to pry into the very essence and 
not the purposes for which man was created; 
pleasure or comfort to a limited understanding. 
mean, that because certain boundaries are pre- 


scribed to the human understanding, the philo- 
sopher or the man of science is therefore to be re- 


deed, we shall perhaps never arrive at a demon- 
tration of the constitution of bodies, until the 
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what advantage would it be to us, were it ever 
allowed us to penetrate into the arcana of nature; 


| ings of this mighty machine; to discover the i in- 


being of infinity itself? These are evidently 
nor, were they to be understood, could they afford 


I would not, however, here be understood to 


garded as a visionary, or a dreainer in the regions 
| of airy and unsubstantial forms. In physics, in- 
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particul ar motions of their several parts hall be 
more accurately ascertained. But, we may yet | 
approximate, though we do not arrive at a cer. 
tainty that is demonstrative: and he who gives | 
the most probable reason for the apparent opera- 
tions of nature, and makes us believe charac, | 
an effect might have proceeded from such 2 
cause, though we are not mathematically certain 
of it, is yet of respectable ability and is entitled to 
our gratitude. Moreover, what sacrifices does not 
the learned and the studious man make for tbe 
improvement of knowledge, and the 'conveni- 
ency and satisfaction of his ' fellow-creatuits! 
Too frequently unpossessed of any other than 
the scanty means resulting from incessant labour, 
he eagerly, but in indigence, prosecutes his avo- 
cation, while thousands roll in afluence from the 
usefulness of his discoveries. Like a body v- 
minous and vivifying, he may be said to en- 
lighten and cherish the world at the gradualex- 
pence and exhaustion of his own substance. 
While we reluctantly, therefore, are led to dis- 
approve of imaginary systems and speculations, | 
let us not forget our obligations to the philes 

phers who, have gone before us. We owe them 
much: we owe them at least the blessings of ci 
vilization, and of morality, together with num- 
berless benefits, the result We Physical * 


ment. 1 2 
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'In the ee bypotheses of the fort - TR 
of this globe, which I haye already troubled you 5 


with, I have unavoidably been: obliged to dissent 


from the premises and conelusions of each, and 


Almost all of them. Justice then, and fair deal- 


ing, require that we should endeavour in some 
measure to fill up the void which we have left. 
The undertaking is, indeed, a hazardous one, bus 0 


| it would be cowardice to Shrink from it. The 


task we shall find arduous. But, as in ping 
astrange country, banks covered with flowers are 


| often discovered in the midst of foaming waters, 


| and enticing groves on the s 


mmit of inacces- 
ible rocks, so shall we have the amusement of 


| objects, at least perceptible, through the me- 


dium of common sense, and 1 the c 1 


and de of common anture- 


This globe, indepenndege Et ai with 
which we are acquainted, exhibits to us four 


1 grand and important particulars : = great anti- 


quity ; accidents of / inconceivable extent and 


force; the almost certainty of the pre- existence 


of terrestrial places; and the renovation of the 
human species. We know, indeed, only the sur- 


face. The rind of the earth alone has been 


penetrated; the greatest caverns, the deepest 


"mines, do not descend above the sixteenth thou- 
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sandth part of its Sumter: Our We | 
therefore, i is confined to the upper stratum. I 
this coat we find animals, vegetables, minerals, 
and common material substances. Bot bor 
little is the information which they can give u 
concerning the internal strata of the earth 
The contemplation of this upper surface is to ie 
component principles of the whole, as the scale 
of fishes, the feathers of a bird, or the epider 
mis of a man would be in relation to the bone 
and muscles, the veins and arteries, the circuls 
tion of the blood, and the Several Secretions wY 
the animal nigga ie a 


: # 


Thus in . 155 to what an infinitely greater 
extent the mind can range into causation and 
into the universe, than it can into the sphere 
on which it is placed. Boundless space it nay 
endeavour to force open to its examination 
Suns, worlds, planetary existence—all it mij 
strive to draw within its grasp, while irs effort 
on its own soil are confined to the scanty limit} 
of not four miles elevation above the su. 
face, and not even in the ocean itself, of probably] 
more than three miles beneath the general leu 
of the waters. But what is it which fills wp] 
the tremendous space that lies hid between pole 
Bishop Watson. 5 
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* 2 and the still more extended equatorial 

mass? From the properties of a film, (and can 

ve give it any more appropriate term) shall we | | 
presume to judge and determine on the form and 5 
texture of the internal and central parts? In the 25 
eye of analogy, is there any thing which can 

lead us to suppose the center to be either posi- 
tively solid, positively fluid, or positively igne- 
ous? The assertion of either one or the other 
would be extravagant. But system maker 
take your globe, elevate your mountains, sink 
your caverns, excavate your oceans what now 

| are these to the comparative proportion of the 
whole sphere? Not more, than to our common - 
optics, is the down on the feather of a mots 
wing, or the impression of che bee on the bel of | 
the woodbine. E rg 


„ 


From every appearance, 1 we ye rea- 
son to conclude, that the surface of our globe is 
not only at present upheld by Shattered and hol- 
low domes, but that our very towns and cities 
have their foundation in ruins. Imagination 

here needs not be appealed to. : We have proof | 
in the records of disastrous history. In one 
night,” says Pliny, © twelve cities of Asia were 
struck down by a succussion of the earth.” © An 
quake: in Peru,” mb Fournier, reached 
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— alotig;:tle-ad ee ind | 
seventy leagues in land: it levelled: the moun. 


the rivers out of their channels, and made | 


of a mile in extent, perhaps of several miles, 


er than thunder. We should see the earth u. 
dermined, and breaking in upon the fire, with | 


tains as it went, threw down the towns, turned 


universal havock and confusion. What vault 

and caverns under such a continent! what mo- 
strous chasms, which could receive a fractured 
and sinking country for nine hundred miles in 
extent ! It would really be dreadful, as it hs 
been remarked, if the imagination could pene- ! 
trate to such hidden recesses. How treinendou; | 
would be the scene! We should find cauldrons 


with a fiery mass larger than a living eye could 
comprehend, rolling furiously about, with flash- 
ings brighter than the sun, and bellowings loud 


fresh stores of combustible matter, and veiris of 
water pouring in at the same time upon the | 
burning mass, the blasts of which, when 7c | 
pelled by such an immense fire, would drive be- 
fore it stones, ashes, cinders, and every matter he | 
Should obstruct i its e „ ES 


Werlte this rightful avs we yet 
reside upon these awful ruins, in perfect content 
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and security. On a cursory view it must be 


— 


no great regularity or order. In its outward 
appearance, it strikes us with heighths, depths, 
plains, seas, marshes, rivers, caverns, gults, 


objeQs 3 in | its inner, with metals, V 


cident. Vet all these apparent deformities are 


* 


suited only for the habitation of fishes. As it 
is, the motions'of the sea and the currents of 


BB KF EFA iE EE 


Winter invariably gives place to the verdure 
of Spring. Men, animals, and plants, conse- 


destined soils. 


acknowledged, the surface of our earth exhibits 


volcanos, and a vast variety of other discordant 


stones, bitumens, sands, earths, waters, and 
matter of every kind, seemingly placed by ac- 


absolutely necessary to vegetation and animal 
existence. Were the earth's surface smooth and 
regular, we should nos have those beautiful hills 
which furnish water. A dreary ocean would 
cover the globe, which would in such case be 


the air are regulated by fixed laws. The returns 
of the season are uniform, and the rigour of 


quently succeed one — and flourish i in their 
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FROM what has already been offered to your 
attention, you will perceive, that I consider the 
study of the elements as the greatest, and at the 
same time the most profitable part of natura 
philosophy. It is the most instructive, and u un. 
questionably the most useful. Vet before ne 
come to treat of the elements in detail, it will be 
necessary for us to look at one or two opinion 
relative to certain properties of our globe, which 
from the earliest ages have occasioned contto- 
versy; and which have been by moderns only 
revived. | The iudivisibility of matter is one, and 

not one of the least. Anaxagoras seems to haye 
been one of the earliest philosophers en recon 
who held this doctrine. Aristotle -borrowed 1 
from him. Plutarch says, Aristotle also n c 
that bodies were capable of being divided i 
infinitum. Democritus was of the same opinion: 
he: thqught it possible that the world might 
be made from an atom. And the foundation 
of this system was, that nothing can be derived 
from nothing; ; that nothing can be annihilated; | 
| | and 
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and that there are certain otiraill and VEIN | 
tible principles, such as atoms, and a vacuum; 


the former eternal, solid, and indivisible; the 


latter eternal, infinite, and impalpable. The of 


atoms, in Democritus's opinion, were animated; 


in that of Epicurus, inanimated. How are we 


to suppose an animated existence from at 


mated particles? Says Democritus, the a atoms 
that give life, must have Lge 


From these 2ources, Des Cas and Ti fol- 


lowers drew their principles of the indivisibility 


of matter, and from the same authorities other 


more modern phlloogheta;gh have ane de- 


rived theirs. 


Fir Isaac Newton on this subject, but with his 
usual diffidence and ability, ventured to conclude 


that, God in the beginning formed matter in- 


to solid, massy, impenetrable, moveable particles 


such other properties, and in such proportion to 


space, as most conduced to the end for which 


he formed them; and that these primitive parti- 


cles being solids, are incomparably harder than 


any porous bodies compounded of them, even 
$0 hard as never to wear or break in pieces; no 
1 "—_— being able to divide what God 


or atoms, of such sizes and figures, and with 
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himself 
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5 himself made one in the first creation: While! thine 
Particles, says he, © continue entire, chey may | 
compose bodies of one and the same na 


or break in pieces, the nature of things depend- 


b poreal things are to be placed only in the various 
these permanent particles, compound 
ticles, but where those particles are laid together 


are properly the minina nature, the least or ulii· 
mate particles into which bodies are divisible; 


component parts of all physical magnitude, t 
the pre- existent and incorruptible matter . a 
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texture in all ages; but, should they wear away, 


ing on them may be changed. Water and earth 
composed of old worn particles and fragments 
of particles, would not be of the same nature and 
texture now, with water and earth composed of ' | 
entire particles in the beginning; and therefore, 
that nature may be lasting, the changes ef cor- 


separations, and new associations of motions of - 


being apt to break, not in the midst of solid par. 


and only touch in a few points. These atoms 
and are conceived to be the first rudiments or 


of bodies are ne 


The Wien * atoms, you will perceive, ari- 
Gam a supposition, that matter ĩs not 4 
ble in inſinitum. And hence the nn are 
ted to deny the reality of atoms. An om, 
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a they, a or it has not; if it 
has no parts, it is a mere mathematical point if | 
it has, these parts must also consist of others, 
and so on to infinity. But, this is to recede from 


the genuine characters of atoms, which are not 


esteemed indivisible from their want of parts, 
(for all physical magnitude must have three dis 


mensions, length, breadth, and thickness, and 


all extension is divisible) ; but they are indivi- 
sible on account of their solidity, hardness, and 
impenetrability, which preclude all division, and 
leave no vacancy for the admission of any fo- 
reign force to separate or disunite them. Atoms, 
as being the first matter, must also be indisso- 
luble, in order to their being incorruptible.“ 
Newton, likewise, holds immutability to be re- 
quisite, in order to the world's continuing in the 


ame state, and to bodies remaining in the same 


nature as formerly. The ancients maintained 
them to be eternal, for what is immutable must 
be eternal. . 3 


Various and very strong oþjeCtions have been 
raised to this indivisibility of matter. A real 
quantity, say its opponents, infinitely small, is 
absurd; for any one part of matter must un- 
doubtedly bear some proportion to another part 
that may be supposed, and consequently cannot 
be infinitely less than it. Matter cannot be di- 

3 5 8 vided 
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d into parts $0 small but that thees * 
divisible. Hence,“ says the celebrated Mac- 
laurin, from our notion of magnitude it fol. 
lows, that it always consists of parts, and is di. 
visible without end; yet an actual division is 
inſinitum is absurd, wg an infinitely little quan- 
. tity is a mere fiction. Philosophers may'alloy | 
themselves to imagine likewise, infinite orders | 
ol infinitely small particles of matter, and suffer 
themselves to be transported with the idea; but 
these illusions are not supported by sound geo- 
metry, nor are they agreeable to common sense. 
On similar grounds Priestley combats the idea. 
An atom,” says he, by which I mean an 
ultimate component part of any gross body, is 
necessarily supposed to be perfectly solid, wholly 
impervious to any other atom; and it also must 
be round or square, or of some other determi- 
nate form: now the parts of such a body as this 
solid atom must be divisible, and therefore have 
parts.“ But may it not be asked, whether this } 
be not stepping beyond the bounds of mathe. 
matical precision? The ultimate, that is the 
smallest particle of any body, cannot have parts | 
that are smaller than the smallest; nor is it eas | 
ly to be conceived how the ultimate particle m 
be supposed divisible into parts beyond the last. 
One part of matter, you will allow, cannot be di- 
e 
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vided but by another; the tens of these 
parts must consequently rest integral; when we 
get to the utmost link imagination can carry 
us to, the divisor of the e divided n must still x ww 
main. 5 OY 0 


- 


The actual divisibility of matter, indeed, is a 
subject so very intricate and abstracted, that it can 
only be conjectured upon, and that rationally to a 
certain degree. How inconceivably minute are 
the parts of certain bodies ! ro what an extent are 
they capable by division ! Curious men have fol- 
lowed up the idea, and from calculation have 
proved, that sixteen ounces of gold, which, if 
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„ in the form of a cube, would not measure an 
olly inch and a quarter, would completely gild a 
nus quantity of silver- wire sufficient to circumscribe 
mi. che whole globe of the earth. But the point 
this ems to be, that if there be no perfectly solid 
hae rah then there can be no matter in the uni- 


For the farther the division and subdivi- 
sion a the parts of any body are carried, before 
you arrive at parts perfe&tly solid and without 
pores, the greater the proportion of pores to solid 
matter in that body. If, therefore, carrying on 
he division in infinitum, you never arrive at 
arts perfectly solid and without pores, it will. 

follow . 


out any matter at all, which is a manifest absur· 
dity. Matter, therefore, if ever it began to 
have any existence, cannot be infinitely divi- | 
sible. The supposition would destroy its very |} 


. under these difficulties, therefore, may very 
fairly be given up. Not but that at the same time, 


matter is capable, we may be allowed to call it in- 


no more by atoms, than those small particles, 
the figures of which are proper to the 4 


so long as that body preserves its nature. Bodies | 


_ outward appearance, while their component el. 
ments suffer no change. What can differ moe 
from itself than the metal of lead in its '$olid | 
state from the powder of lead? Vet this powder 


phlogiston. Matter is capable of many seeming 
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existence. The infinite divisibility of matter, 


from the exceedingly minute division of Which 


definitely divisible. The very notion of an atom 
is against infinite divisibility ; even when we mean | 


posed of them, and which can never be.c change 


may be very much changed in their form and 


will easily revert to its former condition of sog 
lead, when mixed over the fire with a pottian of 
the inflammable matter which chymists -call 


transformations, but no real iransmutations bare 


over been discovered. Even * and ani- 
mib | 


* 
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mals, at ER ding 1tion, retum to the/ same 
sort 80 n —_ e which t arose. “ 


Next to the cndivieibility SI 1 the 4 
trine of attraction hath met with the ablest sup- 
porters and opponents. Newton hath errone- 

ously been looked upon as its father. I say er- 
roneously, for long before his time, Roberval de 
Fermat and Pascal thought gravity an attractive 
power, and inherent in bodies. Hook also 
had the same notion, and foretold that all the 
motions of the planets would one day be ac- 
counted for on this single principle. The truth 
is, it was familiarly known and maintained by 
the ancients. Democritus, and Epicurus both 
held it; and Lucretius, who was well instructed 
in all their principles, speaks clearly of the true 
cause of the difference in the descent of bodies. 
He believed that a vacuum having nothing in 
it which could retard the movement of bodies, 
it was necessarily evident that the lightest would 
fall with a quickness equal to the heaviest; for 
where there is no resistance, bodies must al- 
ways move in equal times. Newton alone, how- 
ever, had ideas upon the _— CEA 
clear and explicit. 5 os WTI iS 


vol 5 « With . 
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. man, have not the small particles of bodies: 
certain powers, virtues, or forces, by which they 
act — pF? the rays of light 


but any os es for producing 2 


city; and these instances shew the tenor and 


traction may reach to such small distances, even 


* " 
8 - 


mm. LETTER xn. 


well known, that bodies act upon one anotherby - | 


pulse, or by some other means unknown to me. 
I use the word here to signify only in general, 


4 With regard to attraction, „ 


great part of the phænomena of nature? It is 
the attraction of gravity, magnetism, and electri. 


course of nature, and make it not improbable , 
but that there may be other attractive powers 
besides these. How these attractions may be 
performed I do not,” says he, . here consider. 
What I call attraction may be performed by in. 


any force by which bodies tend towards each 
other, whatsoever be the cause. The attraction 
of gravity, electricity, and magnetism, reach to 
very sensible distances, and so have been ob- 
served by vulgar eyes; and there may be othen 
which reach to such small distances as hitherto 
to escape observation; and perhaps electrical at- 


without being excited by friction. It seems to 
me farther,” continues he, that these particks | 
of matter have: not only a vis inertic, accom- et 


- 


paied with e 


rally result from that force; but ako that they | 


ate moved by certain activ principles, such as 
is that which we call attraction of gravity, and 
that which causes fermentation, and che cobe · 
sion of bodies. These principles, says he, 
6 consider not as occult mara supposed 
to result from the specific forms of things, 
but as general lates of nature, by which the 
things themselves are formed; this truth ap- 
pearing to us by phænomena, though their 
causes be not yet discovered. For these are 
manifest e _ err. ca uses 25 are 

occult. | 


«© Hypotheses,” farther observes Newton, 
and the vain imaginations of men, ought not 
to be .admitted in preference to experiments ; 
and as nature is always simple and uniform in her 
operations, we ought in philosophical researches 
never to depart from the analogy of it. We no 
otherways know the extension of bodies than by 
our senses; nor do these discover it in all bodies; 
but because we perceive extension in bodies of 
which our senses can judge, we therefore ascribe 
it universally to all others also. That abun- 
dance of bodies are hard, we learn by experi- 
ence. Now the hardness of the whole must 
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3." - wo "FEY the-hauinead of ithe parts, and hence 
Ve rightly conclude, that the small undivided 
particles of bodies are hard also. That bodies 
are impenetrable, we learn by our senses, and not 
by eee The bodies which we handle we 
find i impenetrable, and thence infer impenetra- 
_ bility to be a property of all bodies whatsoever, 
That all bodies are moveable, and endowed with 
_ certain powers (which we call their vis inertie) 
by which they persevere in motion or fest, we 
also infer from the like properties observed in 
the bodies which we have seen. The exten- | 
sion, hardness, impenetrability, mobility, and 
vis inertiæ of the whole, therefore, result from 
the extension, hardness, impenetrability, mobi- 
lity, and vis inertia of the parts ; and hence 
we conclude the least particle of all bodies to be 
also extended and hard, and impenettable and 
moveable, and endowed with their proper vis 
| inertiz ; and this is the foundation of Philosoply. | 
3 | Moreover, that the distinct and contiguous parts 
of bodies may be Separated one from another, 
we know from experience; and that the parts * 
wdich remain undivided may still be distin- 
ia guished by our minds into less and less, is cer. 
tain from mathematics; but whether those dis. 
tinct, and as yet undivided parts, can actual | 


— be divided and ec into 1 Still 
less 
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less and less Ys any power in nature, is uncer- 
tain. But if it could not be made appear by 
one experiment, that any hitherto undivided 
particles should suffer a division, by being broken 
off from any hard and solid body, we might 
conclude by the force of this rule, not only that 
those distinct parts might be separated, but also 
that they might be divided into parts less and 

less, in infinitum. Wirh respect to gravity, if it 

appears universally by experiments and astrono- 

mical observations, that all bodies on the surface 
of the earth are heavy, or gravitate towards the 
earth, in proportion to the quantity of matter 
in them; and that the moon gravitates towards 
the earth according to the quantity of matter 
contained in it; and on the other hand, that the 
ea gravitates towards the moon, and that all the 
planets gravitate towards each other; and also that 
comets have a like gravitation towards the sun; 
we must affirm by this rule, that all bodies gra- 
vitate towards one another: for the argument; 
from appearances, in favour of the gravitation of 
all bodies, will be stronger than for their impe- 
netrability; because we can make no experi- 
ments upon the heavenly bodies concerning their 

impenetrability; however, I do not affirm gravity 
to be essential to bodies. By the natural force of 
bodies, 1 understand their vis inertiæ, and this 


0 


is immutable ; whereas, gravity may be contin. | 
ally diminished, as the body recedes mee | 
further from rag ods. ws ] 
ding you i "oy 15 an Dada erm in 
5 system of Newton, applicable to all actiom 
whereby bodies tend towards each other, whether 
by virtue of their weight, electricity, magnetim, 
impulse, or any other latent power. Men f 
attract ion, namely, that of cohesion, of electtici-· 
of cohesion is peculiar to the component particle 
of _ by virtue of which they are firmly | 
connected and held together. The laws and 
me of this attraction are the following. | 
12 en is e and mom powerful 1 in corp: | 


| r exerted between whose e or 
10 they mutually attract, and are attracted by each 
other. 3. The sphere of attraction, N | 

this power, is greater in some particles of mat- · 

ter than in others, but very N the outer · 

most: for, 4. This power is insensible in sobd 

bodies at the least sensible distance, acting as it 

were only in contact; and es . 1. must 

be nearly proportional to the quantity of conti· 

guous surfaces; or those parts of the body cohere 
e 


« 
+. 


ET An an. 2 


most strongly, Whose touching een are 
largest. 6. This power must decrease, as the 
squares of the distances increase; because it 


must be vappoagd. dur dum g e in N 


right lined directions. 
attraction ends, there a repelling power begins ; 
by which the particles, instead of attracting; re- 
pel and fly from each other. 8. By this power 
the small portions or drops of a fluid conform 
themselves to a spherical figure. The first and 
second of these properties are evident from vari- 
ous experiments; as the sudden union of two 
contiguous drops of mercury, water, &c ; the 
by polished surfaces; as also of panes of glass 
and in capillary tubes; the rising of water by the 
sides of a glass vessel, and into tubes of sand, 
ashes, sugar, spunge, and all porous substances. 


7. Where the sphere f 


The third property is proved by the sticking or 


adhering of water to substances, which by mer- 
cury are left dry. The fourth and fifth proper- 
ties are evinced by the hyperbolic curve, formed 
by the superſicies of a fluid ascending between 
glass panes touching each other on one side. 
The sixth property is evident. The seventh 
appears from the ascent of a steam, or vapour, 
from humid or fluid bodies; and the eighth 
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elasticity: all which arise from the different 
figures of the particles, and the greater or th 
degree of attraction consequent thereupon. * Ot 


derful circulation through the fine capillary 


the air, forming the drops of rain. We hene 
see the reason of distillation, filtration, dissolu- 
tion, digestion, sublimation, precipitation, -crys- 
en and the other e of chy: 


| ; Noven' . account of the's attraction of 

wow we have a rational solution of debe 
curious and surprizing phænomena; as Why the 
parts of bodies adhere and stick so firmly dog. 
ther: why some are hard, others soft; some 
fixed, others fluid ; some elastic, others void 


this principle, we account for the manner in 
which plants imbibe the nutritive juices by the 


fibres of the roots; also for the rise of the 849 
in vegetables, and for the whole economy of ve. 


getation. Hence the rationale of the various se. 
cretions of fluids by the glands, and thein 


vessels. Hence also the reason of gilding metals; 
also of melting or fusion by heat. Hence aleo 
the exhalation of vapours by the heat of the zun 
or fire; the aggregation of aqueous particles in 


nn £m hung gas AY ao. 


en of attraBion; and — that 1 in 
most instances, to account for th 1 
phænomena of zobterranZoutancensd | 


plosions; of volcanos and webe 0. bot 


N ene ae cher wo -satisfa 
data, the cause of the cohesion of matter has 
extremely perplexed philosophers in all ages. 
In all their various systems of physics, matter is 
supposed, originally, to consist of minute divi- 
sible, or indivisible atoms; but how, and by 
what principle these several and distinct corpus · 
cles should be first combined into little systems, 
and how these little systems should come to per- 
severe in that state of union, is a point not yet 
determined: a point of the greatest difficulty; 
and even of the greatest importance of any in 
physics. J. Bernouilli thinks it owing to the 
pressure of the atmosphere; others to the figure 

of the component particles; but the generality, 
with Sir e ee to n Di id i 


EL 
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The bauen of ariviaicn, * Yibogd weleots: Y 
ed a distinct power from that of cohesion, yet, 
| when well considered, may be found perhaps to 
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- Ge eie tioned. | 
its parts: for the gravity of large bodies may be 
only the result or aggregate of the particular 
Powers of the constituent particles, which sing 

"Fs 3 1 istanee 3 but 


ich their joint forces, in vast quantities, pro · 
duce a en power, whose efficacy extends to 
very great distances, ee ee to 18 _ | 


vans bf the 1 — Hi IT 
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"This ten of. tht e of gravity 


however ably supported by its illustrious patron, | 


has had weighty difficulties thrown in its way, 
As all motion, it hath been observed, is in the 
direfion of its cause, there can be no such thing 
as a power of attraction; because that supposes 

a direction in the cause, which is contraty to 
the direction of the effect, and therefore can 
never happen consistently with the laws of me- 


chanism. A cause from the earth, can never | 


bring the moon nearer the earth; neither can 
a cause from the moon bring the waters of the 


earth nearer to the moon. The cause which is 
in the direction of a body that moves freely, is | 
an impelling cause; and if i it be impulse, it is not 


attraction; if it be attraction, it is not impulse: 
these principles being of n n 110 
ene inconsistent. TN #3 


* 


4 


neee 
istence of all matter, since no substance can re- 
tain any form without ir. Gravitation, says Its 


advocates, is unquestionably one of the most sim- 
inciples of motion, which has been | 
observed in the constitution of the universe. 


ple laws, or p 


This, reply its opponents, is not to be denied. 
But, is the attraction given to it to be supported 
on sound and on rational principles? Gravitation 


from such premises, would seem to imply a lar 


or a power in the active body; attradtion in the 
passive one; and conseq 


body should be made to move "oy its own gra- 
vity or weight, there would be no necessity for 


an attraction; or if it were to act by 8 
there would be no ne for dees 


How nennt soever the cause of tive gra- 
vity may be, it yet would appear from some of 
its admirers, who do not even qualify it with a 
doubt, as their master did, to be a mode of mo- 


tion, a tendency towards a center. To speak 


strictly, a relative gravity is a relative quality; 
for what falls relatively to us, rises as relatively 
to other bodies. Hence, say they, it follows, 


that all motion in che universe is the effect of 
5 gravitation, seeing as we dane in the universe 
| | there 1 
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there b 0 low, no positive © 

This gravity, however, when r examined 
appears rather to be an accident te matter, thin 
to be essential to its nature. For certainly al 
matter has not vezght. Bodies differing in kind 


do not preserve a constant relation to each other 


in respect of weight, when they are in differen 


forms, and differently acted upon. It is the as 


ture of iron to sink in water with a superior spe- 
_ cific gravity ; but the atoms of iron will be 
suspended in water. Sulphur will sink in oil; 
but the oil heated, rarified, and consequently be. 
come lighter, the atoms of the sulphur will ascent 
and be suspended in it. Were gravity essential 
to matter, all matter would constantly tend, ot 
at least preserve a tendency, towards its proper 
center. The matter near the earth would all 
tend towards the earth, and resist every other 
direction. But, this is by no means agreeable 
to nature. Here vpon earth the eleHric Fluid 


7 
sort of matter which seems to fill the world, and 
is of such consequence that it see 
life and soul which invigorates all the rest, will 
move in every direction indifferently: and fire, 
when agitated, is rather disposed to ascend in a 
direction contrary to that of heavy bodies. Ab- 
solute gravity, therefore, appears to WO a mare le 
thing, and not- essential to matter. yi NO 


ns to be the 
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The apparently es essen a | properties of utter, 
as we have already seen, are solidity and exten 
sion; for even a partiele of water is solid. The 
first property, solidity, may be perhaps the wy | 

essential one of which matter is possessed, and 

every other may spring from, or be ame | 
upon it. The other property, and which it is 
supposed belongs to matter as essentially as soli- 
dity, is extension. Reason may resolve these pro- 
perties both into one; for whatever is extended 
must have solidity ; whatever is solid must 
include in it extension. Hence, therefore, it 
has been supposed incomprehensible, how at- 
traction and repulsion can be necessary to the 
very being of matter. If they be necessary to 
the being of matter, they must constitute its es- 
sence. Vet attraction, we know, means only the 
mutual approach of two bodies towards each 
other. Per vocem attractionis, says S'Grave- 
sande, intelligo vim quamcunque qua dua cor- 
pora ad se invicem tendunt. But that cannot 
constitute the essence or being of bodies, which 
necessarily depends on bodies for its on existence. 
Material substances, indeed, may by some means 
or other be separated as well as attracted. No 
concrete body, for instance, has ever yet been 
found, which can resist the force of art, much 
less of nature. Either percussion, tension, tritu- 
e | ration, 
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repulsive force of bodies; or if we think with 


—— ee | 
tive power of fire, will disunite the particles of 4 


all concrete bodies. But here it may be de- 
manded, what are the causes of this union of the 
| particles of matter? On this head, as we thaye 


before remarked, the ignorance of the wist 


manifests itself. If we have recourse to the 


supposes may be the cause of the cohesive and 


Dr. Hales, the late celebrated Faller, and D. 
Macbride, that air is the cause of the cohesion 


and firmness of bodies, which ere 


to make probable, though yet perhaps not cer. 
tain; yet we must still inquire into the attrac- 
tive and rep 
if this æther be matter, it must 
mately solid parts, and eee have a vis 
inertiæ, if it have any existence. Now the 
parts of this very æther could neither move not 


 impel any $ubstance, if they were not teme 


thus we shall want a more subtle ther for the 
purpose of moving the grosser ; and this more 
subtle æther will want another still more subtle 


This 
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ether of Sir Isaac Newton, which Dr. Cullen 


hive forte of eines | 
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This objec; n-Udabian 25erv 
b was much Ne by the ancients. 
— chat © ther was woman friendahip l of 
the elements united one with the other; and 
2 sort of discord by which they kept asunder. ? 
From this you see the system of attraction is an- 
cient, though it wanted a Mars it. 
Love, to whom the ancients attributed the 
ing up of chaos, appears to have been nothing 
else than attraction personified. All the allego- 
ries and fables of the ancients on the chaos; ex- 
press nothing more certainly than the attraction 
and union between analogous or homogeneous 
substances, whence result the being of the 
world; whilst repulsion or discord, which they 
called EPIx, was the cause of its confusion and 
disorder, and tendency to dissolution. And 
Eo •·• IE 
ma of ee 
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of this oubject to a A 


| haps more applicable to our purpose. The prin- 
ciples adopted by the Newtonians were in many 


instances satisfactory; but they were not 0 in | 


all. The great philosopher himself was consci- 
ous of it, The opinion, that matter is endowed 
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uith an attractive and ee pri e | 
there is a limit where one | of these oppaxite 
powers ceases, and the other begins to act, | 
too general and indefinite. The particles 
some bodies in nature are ag arraQtvea 
* ack other, as the particles of „ earths, | 
&c. but others are repulsive, as air, | okay the 
electric fluid, &c. Now neither the former los 
their attraction, nor the latter their repuls ion ex- 
cept when combined with those bodies which 
have an attraction towards them, sufficient t | 
overcome the natural attractive or repulsive powe | 
| existing between their own particles. The fact | 
zs, the law of attraction, particularly the attac 
tion of cohesion, is very extensive through 
nature. But every law of nature cannot be en. 
: plained by attraction. - On the contrary, repul. 
ion seems to prevail, if possible, more uniyet: ; 
Sally than attraction. / Electricity, magnetism, | 
the elasticity of metals, and many bodies, paiti- | 
cularly the air, all and each of these prove that 
there is a repelling influence in many parts: of 
matter, and consequently powerfully instruct W 
not to insist upon either the one or the other ex | 
clusively, but to admit W ne ont admira 
eee er ® 11 e lee . 
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1 ibn had got ius far; to have 
been enabled to close this long and tedious preli- 
minary investigation, and, for the present at 
least, to have exonerated you from any thing 
further on so dry a topic. But on looking over 
my letter, I find a few explanatory words may be 
necessary on that propert 
precision and conveniency, had the appellation 
given to ĩt by Newton of the vis inertiæ. From 
what has already been said on the subject, you 
will have n, it not een to conceive his | 


fault with the ebenen 1 eeuc to halls. 
Say they, a power or energy, a force, a something | 
which appears as inconsistent as if it gave the 
power of light to darkness, or of sight to the 
blind. For what is power or energy? Is it not a 
disposition to act, either spontaneously, or in con- 
sequence of some impression? In Newton's rea - 
soning there is a state of inactivity endued with 
action, or a motionless motion. A state of resʒt 
can only be a negative to that of motion; and when 
| that ceases, this must always obtain. Mobi- 
lityin atoms, remarks Mr. Jones,“ is nothing | 
more than a capacity of being moved by any me- 
| chanical force applied to them; not that they are 
endued with any internal power of . them; 
vol. I. 1 MR selves. 
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selves. If we thopkd. 22% that matter is by n tire | 


inert and resisting, and indifferent to mo ion. 


then should proceed to give the same matter i | 
disposition to move without some external force, | 
we zhould invest it at once with power and impo· 


tence, with sluggishness and activity, which 


cannot both be predicated of it, without contra. 
dition. The trumpet has a capacity of sound. 
ing, but never till it is s0unded : of itself it is | 
dead and silent, and, as long as left to itself, 
must always remain so. Matter, in like mann er, | 
| hath a capacity of motion, not an ability to 
move. Let us suppose the present laws of ns 
ture all suspended, and all matter annihilated ex- | 


cept one single atom; we all confess that this 


atom can have no inclination to move, but mus 
remain absolutely at rest; and all this from is 


own inert nature. If we introduce another atom, 


they will both be at rest; for the properties of 
matter are not changed by having two atome 
instead of one. To invest matter with any innate ! 
powers or self inclinations to motion, is as c. 
trary to the real nature of matter, as to suppose 


that all trumpets are born with Tips and lungs, 


and breath of their own: it is to make the world | 


an animal, and all the parts of it moos. 
. Stoics of old did; it is to resolve all attracti 


and repuls ions into an animation of matter, aol | 
| __—— 
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— them to be che work of certain souls and 


spirits resident in all natural bodies, and cornmis- 
sioned to ack inthe S ph l. ** nature. 


Norwich bes strong objections, and | 
various similar ones, which were started at the 
very birth of the doctrine, Newton, and many of 
the deepest philosophers since his time, have 
maintained, that there is not any thing in physics 


| better settled than this vis inertie or passive 


force, by which matter always continues of it- 
elf in the state in which it is, and never changes 


: that state, but in proportion to a contrary: power 


ating upon it; so that the very same force 
which is necessary to give any certain velocity 
to any certain quantity of matter at rest, is always 
exactly requisite to reduce the same quantity 
of matter, from the same degree of velocity, to 
a state of rest again. This vis inertie Is 
always proportional,” say they, ** to the quantity 
of matter, whether at rest or in motion, and is 


never transferred from one body to another. 


Without this vis, the least force would give ve - 
locity to the greatest quantity of matter at rest: 
and the greatest quantity of matter in valocity of 
motion, would be stopped by the least force, 
without any the least shock. So that, properly 
peaking, all action and re- action, all impulse 

and an are nothing but this vis inertis 

11 e in 


\ 


in different circumstances; and, ihdead, all SY | 
In regard to the expression itself, fasridiousness 


planation will, I hope, be sufficient to shew you | 


mity of Newton's theory, or the cot >@tnes: 
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is only a different modification of rest or motion. 


alone can find fault with it; and this short ex. 


Newton having asserted the inactivity of matter, | 
it was natural for him to make use of a word not ( 
in any respect applicable to activity. The doc- | i 
trine he had to establish was new, and required ET 
a new term. The vis inertie, therefore, which || 
is a vis insita, or innate tendency, struck him.— . 
He applied it to the idea; and it has stood the 8 
test . the most ho et undereandings. 
In like manner, the eint n < the y 
ancients, which Newton has been accused of ad- f. 
hering to, by establishing the probability of the te 
doctrine of attraction, were entirely in the ĩma· $t 
ginations of his opponents, and not in the pri. f 
ciples of his doctrines. By the terms attraftive N © 
and repulsive forces, he never meant to expres. | * 
inherent forces in the molecules of matter. t 
Body, he well knew, cannot act where body is | ct. 
not. But let us zuppose the word attraction to WW be 
de suppressed, can we deny the planetary mo- Wi 
tion? Or can angry criticism destroy the _ a 

| Oh 
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TIE dementsars FA original e parts 
of bodies, or they are those into which theß 
are ultimately resolvable. The ancients in ge- 
neral agreed that the elements were four in num- 
ber, u, vdwe, Tg, eg; earth, water, fire, and 
air. Aristotle admitted these four elements, and 
acknowledged they were sufficient to form all 
sublunary bodies; yet from the beauty of the 
firmament he was induced to suspect the hea- 
vens to be formed of finer materials; and there- 
fore supposed a sort of fifth element, the quin- 
| tesxence of the other four, for their peguliar con- 
struction. But this notion was adopted by very 
few, and the four elements were, for ages, re- 
ceired as the basis of all natural bodies. 
Many modern chymists, however, have disputed 
the doctrine! of the four elements. Notwith- 
standing which, it does not appear that they have 
been able to establish any in their stead, which 
will stand the test of- a rigid examination; or 
concerning which they can generally agree among 
themselves. The truth is, we cannot always 
125 "TY „„ 


chymical principles, salt, sulphur, and mercury; 


| tesians admitted only three elements; mom 1 
materia subtilis, or fine dust; the second 


which rises afterwards and appears swimmi 


5 judge af compounds Sas the: > priate into 


wenge denn 


prised that there should have been opi 


| posed to be reduceable, are, 1. Mater, or phlegm 
vrhich in the chymical analysis rises first in forn | 
of vapour. 2. Air, which escapes unseen n 
great quantities from all bodies, 80 as to con. 


volatile, or rises in the still, as that of ani 
Lubstances; ot fixed, as that of vegetables, which 


which they are chymically resolvable. Besides then 
four primary elements, the ancients held three | 


and to these our OT e have w_ | 


l - * ; 3 
2 3 2 * 
* 


1 


Go 50 ane a cubject os vie not be | 
inions in 
every possible direction; and that the rn 
of the elements should have been increased an 


diminished at pleasure. For instance, the Cu. 


Se Ven votind Mid) und cee 
more irregular and hooked kind of -particles } 
But the elements or principles generally conjec- 


tute half the substance of som 


of them. $6] 


the surface of the water. 4. Salt, er. 


Nec 91 * them 4g ashes, makings 


an | 
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| after the salt is extrad 


. K A 8 A 8 A A „ 5 = . 


ne 3 


rating the moisture; by which means the salt? 
shoot into crystals. 5. Earth, or what is called 

| caput mortuum, being what remains of the ashes 
ed; and this is the last 


element of all bodies which can be no farther 
altered by any art whatsoever. And hence bodies 
have been divided into ix classes, saline, inflam- 
mable, metallic, earthy, watery, and aerial. Sa- 
line bodies in general excite some kind of sensa- 
tion. Inflammable bodies are always sensible in 
a state of inflammation. Metallic bodies act 


according to gravity, except when heated, and 


then we are highly oensjble of them; but this 


proceeds from the influence of the element of 
fire. Earthy bodies in general are inert, and 
probably constitute the basis of the nutritive 


matter both of animals and vegetables. Air 


has a variety of p eee e of which mis y 


one of che Oy 


Ts gti — 
elements, and to bring their several properties 


more familiarly before us, we may venture to 


conclude, that elementary fire is the principle of 
activity; earth, the principle of solidity, either 
from its heretofore supposed impenetrability, 


or the close union of which its parts are $us- 
3 eeptible; 


ever, . 8 the 
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coptible' 3 e; the proper vehicle uhich Im 
the combination of bodies, into which it enters 
as a constituent part; and air, eee 
as in their proper region, the other elements 
exercise their movements, And which wont Seem 
an essential part in their combination. These 
elements, which our senses, indeed, nevet shen 
us pure, being continually put in motion, ar 
by the other, always acting and re- acti 
ways combining and separating, attracting and 
ran are sufficient however to 2 

us the formation of all the material beings ne 
perceive. Their motions without interruption, 
are alternately cause and effect. They e 
vast cirele of generations and destru ” 8 
combinations and ales gene, W 


eee 


| the 1 46 W the 

ancients did not overlook wars striking and 
contrary natures. They soon perceived che pas | 
siveness of some, and the activity of others. Thu 
Ocellus Lucanus, one of the earliest of the Greek | 
writers, and from whom Cicero borrowed the 
doctrine, says, two of the elements are pas. 
sive, and two of them active. Fire and air hae 
the power of motion; water and earth 60 
only capable of receiving the impressions. "Ot } 
which doctrine, as has been well observed, ue 
| „„ 1 ny 
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which hath life and motion as long 4s fire. nd- 
air maintain their proper stations and perform 
their proper offices in it 3 but when they have 
left it, it becomes nothing but an inactive mass 


of earth and water, falling quickly into disso- 


lution. All the philosophers, however, of the 
ancient world were not of this opinion. Thales, 
among others, looked upon water as the sole 
principle of every thing; others, as Anaximenes, 
bestowed that property upon air; while there 
were not wanting those, who, lüke some of our 
modern naturalists, could find it exclusively in 
fire. Empedocles, at length, united these opi · 
nions, and admitted the elements which we have 
already enumerated; and which Aristotle adopt- 
ing from him, handed down to his followers, 
who transmitted e to the Sixteenth t | 
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The source, 1 a eee 5 al 
these elementary data was derived; was evidently 
chymistry ; an art which, perhaps of all others; 


has been the most extolled by its admirers, and 
the most condemned by its opponents. Chy- 
mistry, however, was alone equal to an elu- 
cidation of the changes caused i in bodies by mo- 


tion. Unassisted by the observation of effects 
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combination or separation, we are greatly in- 
debted. Many of the ancients conjectu | 
many of the moderns. had glimpses of be 


is defined, an ever acting, penetrating fluid, 8 
dowed with a continual motion, and tending 
always to increase; never capable of being sei 
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ident te 1h. senses, 3 nid; TORT | 
able to draw within the reach of reason, the 
vast varieties which were occasioned by this im. 
pulsive power. To this science an; * | 


 eomprehends all those particular | 
bodies which are eee eee 2 


heat or the application of other bodies, and in- | 
clude all that infinite variety of new appearances 
and particular properties, which are the 


d, and 


truth; but, eee eee eee, 
enen it. . | 84 
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or examined as to its properties; and cath 
imposibiliry, it is left to us to judge of it merely 
in its effects. Boerhaave divides these effects 

three, light, heat, and rarefaction. Light, as dis. 


covered by Newton, is to be decomposed into 
seven different rays: red, a Pinien simple 
colour; orange, a colour composed of red and 

yellow; ; yellow, a . * COLOUT 3 


And these, after the opinion of the ancients, 
he proved to exist from their relative capacities 
and their power to retain the solar rays: for, 

were colour in the atoms themselves, says Lu- 
cis, it would be as intransmurable as they 
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mitive and simple; $ indigo, ede. of blue 
and violet; violet, primitive and simple. 


4 — 


are; and so the things consisting of atoms, that 


are of no colour, could not change in that re. | 
spect, and appear with colour; whereas, we ob. 


serve the contra 


y happens, for the sea foaming, 


looks white, it being otherwise of a green 
colour, which doubtless, if it were in it by reason 
of green atoms, could not be changed into 


a white colour. Light comes from the sun to 


the earth in little more than seven minutes: 


It is transmitted to our eyes by a peculiar 
fluid, which occupies the interval between us 
and visible bodies. But, whether it comes di- 


rectly from the sun, by successive emissions or 


eradiations, or whether it be a peculiar fluid dis- 
tributed through space, and put in action by the 


Sun's rotatory motion, or by any other cause, is not 


at present essential to our inquiry. All natural 


bodies may be considered as prisma, which. de- 


n R xl. 


and those are white ; obo e chan al 
and cause absolute blackness. Light is not mire. 
hy: a- Wen Sebstance ; its effecks are xcriking) 3 
Jab in the ae a orb kingdom | 
nt ation, sensation, spontaneous motion, 
one life, exist only at the surface of tooth, | 
and in places exposed to light. Without light, 
nature would be lifeless, inanimate and dead: 
| benevolent God, by producing light, has spread 
organization, sensation, and ee over the 
— of the earth. 9 eh 1 11:17 ans 4 


„Het 1 All bodies kw cception, 
though it does not render them moreelastic than 
they were when cold. It tends always to pre- 

serve an equilibrium. Its weight is not known, 

for nothing proves that a body heated is heaviet 
than when it was cold. It quits a substance bx 
slow degrees. It dilates the most part of mi. 
nerals; and when strong, contracts — 
dies. All these properties, however, did-not; i 
was supposed, demonstrate the existence 20 
body, and eee it was thought, that heat 
was a modification, like motion. Bacon believe 


it to be the collision of the nnn 
7 of 


of bodies ch one on 4 aki Aab opi- 8 
nion was adopted by many. As no substance 
however rarefied by heat acquires weight, but 
on the contrary loses it, it was likewise imagined 
that rarefaction was simply the putting asunder 

the parts of a warm body, the pores of Which 
were increased in such a manner, as to have 
greater voids, and less solid Patls; in a n 

pe; than hay had ! before. Yo any Sera 


The power of fire/i is 80 rej; its effects 30 
extensive, and the manner of its acting so won- 
derful, that some of the wisest nations of old 
reverenced and worshipped it as the Supreme 
Deity. Some of the chymists, also, after they 
had discovered its surprising operations, suspect · 
ed it to be an uncreated being. The Vesta of 
the Roman was no other than the element of 
fire; the Ec of the Greeks, which the best phi- 
lologists derive from the'Esh of the Hebrews. 
The Apis and Serapis of the Egyptians, besides 
similar symbolical representations among the 
Chaldæans and Phænicians, may de referred 
to the same original. Fire, being the purest 
body in nature, its worshippers supposed that it 
ought to be honoured with the purest kind of 
devotion; on which : account, the female vota- 

| ries 


n 
* va * * = C OY GIS RS 21 — a 9 
. wn r * 
4 bs — Of - — 
PO * 5 — 7 — » — — * 922 —— ol my 
n 5 * , — = _ 7. — £ * „* » — — 4 
- — 5 = om — — 4 7 85 « 
— 3 
Rind A bes 2-1 2 1 — * wal — he — — <a — —2 
* 1 OE II 5 1 5 , = 2 - — 
no PR — rang rn wwgms Ee CIOS, SOILS _—_— _ — I A * — * - 
. . <—_ 1 —— 5 — — - * — 9 
— h — - — 8 
1 —— — — — a 
n . — 3 po — * 
2 


| * 
f 1 
4 
3 + 8 * 
_ 
N 5 
* 14. 
=_ 
1 
4 
4 ; 
1 
ji BS; 
52 | i 
+ 9 . 
13 27 
. 
A 
' 


8 LETTER Mv. „ 


"ries of thi ain et bound ib 
tity. Hippocrates without reserve attribute - 
to this element ind and under ttanding, Eu % 
An voog Provegrs, The Stoics held the diviniy o | 
fire. By the fabulous history of Vulcan, the ter. 


restrial and subterraneous fire is to be ur derst 


according to chymical mythologists, as being the N 
fabrication of all those mineral exhalations, which | 


mount up into the sky, and furnish Jupiter with 


the materials for his thunder and lightning | 
Fire was even ee ee | 
E Beit. e 


1 x7 1 


Fire Is ley Sviled' into > three: vis or 


species, viz. celestial, subterraneous and culinary; 


or more properly solar, culinary, and elementary. 
The solar is that fire which resides in the ob 
of the sun as its reservoir, and proceeds from it 
in the form of light.“ The culinary is that | 
fire which is kindled upon earth by any artifi- | 
cial means, and burns in any sort of fuel. Te | 
elementary is that subtile fluid, which resides 
constantly in all gross bodies, and is not neces | 
sarily distinguished by its heat, as culinary fire; | 

nor by its light, as the solar or siderial fire; but 
is known by other effects, even in a cold ini. 

sible state. These three are one and the m 


Philosophy of the Elements. 
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fire will promote vegetatior 


dissipated, and becomes elementa 
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fuid; N. cola ries, | 
zame effects. The solar fire will burn in fuel, 1 
and act on solid matter with greater effect, than 
the most violent fire of a furnace: the culinary 
and ripen fruits, as 
the sun does: the elementary will light a candle, 
and fire gun- powder, as the culinary; will 
afford a spectrum of the seven primordial co» 
lours, in common with the solar rays, or the 
light of an ordinary fire; and will throw 


metals into fusion, with a melting, scorching | 


heat. They are, however, agitated with a dif- 
ferent. sort of motion. The solar matter, or 
light, moves in right lines; the culinary vibrates 


and tends naturally upwards; the elementary 
presses in with a shock to restore an equilibrium, 


and is diffused in all directions. But, still they 


are radically the ame. The solar fire, whick 


penetrates the opaque body of the earth, is there 
y.: the elemen- 
tary, agitated by any violent motion or attrition, 
and communicated to any proper combustible 
matter, becomes culinary ;. and the culinary, . 
when cold and extint, becomes OP 


When FR and some other points ca came to bi 
anderstood, it was * perceived that the 
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 gpirituality of fire was to be id up, — nd 
it was to be considered as a corporeal substanct; : 
for as it can drive out matter from any give } 


space, that which can expel other bodies, and 


take place of them, must itself be a body. It 


may be seen to Pass through a liquor shooting 


in subtile streams. It therefore is material u 
air is, which in liquor is seen in bubbles. Boer 
haave brings it as an experiment, to pro 
that fire is a true corporeal substance, that the 
rays of the sun, from a very powerful bum. 
ing glass, directed to the extremity of a may; | 
netic needle, gave notion to it, as a stroke ori 
blast would have done. But, if we want an 
evidence that fire can affect bodies with a e 
corporeal percussion, we have nothing to todobu | 


to feel the shock of i it in NING >. 3 


* 8 * 
© 8 5 


hes ape difficulty concerning hs nature 
. fire, is to determine, whether it be original) 
zuch, formed thus by the Creator himself at the } 
beginning of things; or whether it be mechans | 
cally producible from other bodies, by indzeng 
some alterations in the particles thereof? The 


former opinion is maintained by  Hombery 


Boerhaave, the younger Lemery, S Gravesande: 
the latter is chiefly supported by our "Engl | 


e ee 2 Boyle, and Nen Bot, 
vl 
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we will not here enter into $0 endless a feld f 


dcusian. The ons: parry held fire teh hn .- 


yal with bodies; and the other, that to produce 

heat in a body, nothing was required bur to 
excite a certain motion in its parts. A will: great 
er question, if possiple, hath since indeed arisen; 
and as it even at this moment admits of Fontro» 


versy, we'shall not mixemploy aur time in ae 
Weng tian 


It is Se igen eee eee 


the doctrine, that light is nat the same substance 


| with heat, was started. The philosophers of 


the continent men mon 


© others, L'Abbe Pluche and Boerhaaye; Who in- 
sisted, that the body of even quite 
different from the body of light; that fire was 


not emitted from the sun by projectian, hut re- 
sides all around us; that it was equally dis- 


7% 


bpersed in the air and in all bodies; that it be- 
trays its presence in proportion as it is disturbed 
and pressed; that it remains there constantly the 
ame; that it is both ingenerable and indestruc- 
| tible; that it can neither generate any new fire, I 
| nor be produced where it was not; that it may 


be laid hold of; that it ean push, and divide 
other bodies, that it may not act diversely with 


them; but that it can convert nothing into its 
on nature, for that otherwise every thing 
vor. „ LE © — would 
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Hanks years that fire has been burning. he | 
celebrated Bergman leaned also to the same op 
nion. 1 w says he, that many Philo 
sophers of the first rank are of opinion," t 
the phænomena of heat are to be explained! upon 
the supposition of intestine motion in bodies; Dit | 
upon considering the whole attentively, I 10 
firmly persuaded that heat arises from the tion | 
of a distinct and peculiar substance, bode al is 
distributed through the whole  corporeal world, | 
and that in a two-fold state; for, first, we co 
sider this matter as free, when, in form of an | 
elastic fluid, continually tending to an equi. 
| Jn ay pervades all bodies, dense as wells } 
are. This, in proportion to its quantity er. 
cites different degrees of heat in animals, d. 
| lates and disposes all bodies to fluidity according | 
to certain circumstances. Thus platina, in order. | 
to be fused, requires to be very highly co 
ed; other metals less so; and mercury, 2 q. 
tity so small, that a sufficiency is almost always 
present in the atmosphere; I say almost always, 
for some late observations in Siberia _— that 
there mercury has been sometimes congealed 
natural cold. Whether there can exist . 
_ 8tate as that of perfect privation of heat, _ 
wanne cold, is yet unknown. In such ate, | 
5 been 
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(uppocn ing any such to exist) if bo 3 not, 5 
continues Bergman, * the aerial acid itself must 


be congealed, as fluidity appears to depend en- 
tirely upon heat. It is necessary, however, rt 


phlogiston, the matter of heat, and fire, Should 
be carefully distinguished: phlogiston, combin- 
tion, consti- 
tutes the matter f heat: 3 fre is the action, by 
which a body is deprived of phlogiston by means 
of pure air, with such vehemence as to generate 


ed with pure air in a certain propo 


not only heat but fame. Fire, therefore, should 


rather be called the matter of heat; for in the 
action of heat, when increased to a certain de- 
gree, it soon passes away after the maker png . 


of the fuel; but the heat continu 


comes rarified, and is distributed among ene be.” 
bodies. There is always heat in fire, but all 
heat is not sufficient for exciting fire. Thence 


we conclude, that every body has a deter 


specific heat, which, however, appears from ex- | 
periment to vary with the state of the body. In 


the solid state, it contains least; in the liquid, 
more; and in the fluid, in which there is the 
wakes ae it cas eg most gerne e 


Many abs epi . PR adveghic To 
against the received doctrine of light and heat. 

Mons. De Lisle in partieular contended, that 
n ws solar rays do not produce heat by their 
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friction against the parts of the ankd 42 ö 
they form combinations with certain parts f 
that fluid, which have no affinity to them; and | 
that a concentrated acid in these rays, uniting 
with the aqueous particles of the air, produces, 
| . . cause, the wu” the principle 
9 Wherefore, the Solar 
rays, if they did not meet with the aqueow | 
particles of the air, would arrive at the earth, | 
without warmth ee TY your yo | 
of mountains.” +. | 55 | 


ee eee here, anion whduth : 
concentrated acid ? Monsieur Sage will tell you, 
there is a prunitive, igneous, phosphoric acid, 
the universal or elementary acid, and of which 
all the other acids are but modificatians. - When 
circulating in animals, it is the animal acid? 
when in vegetables, the vegetable acid: e | 
latter, modified by the various ' fermentations, 
produces the acid of wine, =thereal ach, 2 | 
of tartar, and even the acid of vinegar, after | 
having been anew modified by the -acetous fer · 
mentation. The vitriolic acid, _ he, is a m0- | 
dification of the same phosphoric/ acid. Ibe 
: aerial acid, or fixed air, is an alterationof which 


acid, modified bys «mall porn ofthe e, 
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mable i gives the volatile Aha 
acid; modified by the odorous principle which 
proceeds from bodies in a putrescent state, it 
* the nitrous acid; and when these bodies 

are only at the commencement of putrescency, 
che marine acid. This phosphoric, or universal 
acid, in various manners, and in various combi 


nations, is diffused through nature. It enters 


into the formation of light and fire; it is one of 


the essential and integral parts of air. There is 
no animal, or vegetable, that is not possessed of 
it. It enters into the composition of calcareous | 
earth; of phosphoric spars; of basaltz ; of 
alkalis; and of the pure dephlogisticated air, 
by which we breathe and exist. It is not to be 
produced, it cannot be decomposed, ac is hy | 
latent of all acids. | 


Neither fire,” : nor air, nor earth, nor water, 


have always been allowed to be primitive, or 


simple indestructible elements. They have, on 
the contrary, been said to depend on the union of 
certain more subtile principles, which are to be 


disunited and recomposed at pleasure. But, what 


these ſs subtile Peiner Are, ey can tell. | 


Among the ablest defenders, however, of the 


| hypothesis endeayoured to be destroyed by these 
| and 
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| and 3 other acute and ne m 


late instructive writings on the Alps, he asks what - 
is the cause, why cold reigns 80 powerfully | 
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Teasoning, hath been the present learned p ; 
fessor of Geneva, Monsieur De Saussure. In his 


mountains? _ ** The great geometrician Lam. 


bert, says he, 75 informs us, that heat mount 


in air, without interruption. That Which ue 
earth receives from the sun during the coume of 


a year, strikes upwards and spreads itself, as tbe 
© earth stands in continual need of new heat, let 
it should become too cold. As much then as 


the ascension of heat depends upon its /evity, 80 

much does its quickness j increase as it ascends, : 
Hence it is that the particles of fire fly distant 
from each other, as they mount upwards; and 
consequently, that their density, and of cours 


their heat, diminish in the superior regions of the 


atmosphere. De Luc, in this, agrees with 
Lambert, that the igneous fluid is more rate in 
the higher regions of the atmosphere; but his 
reasons are in perfect contradiction to Lambert. 


The geometrician of Berlin conceived the fire. 
to become rarified by the action of the weight of 


the air. De Luc, on the contrary, contends, that 
it becomes condensed in the lower regions of the 
atmosphere by its own Specific eight. Lambert 


eamgidered fire as a fluid in non: ; vhich, rare | 


TER XIV, mn” : 


ed according to the acceleratio | 
De Luc compares it to a lens fluid, the parti- | 
cles of which are condensed from a. reciprocal 
pressure. Finally, on the question of the identity 
of fire and light, which Mons. Lambert did not 
venture to resolve upon, but to the affirmative 
of which, it is very evident, he leaned, De 
Luc boldly decides in the negative; and holds it 


as certain, that light is a body incapable of warm. 5 


ing another body of its own accord; but that 
put into motion, the igneous: fluid which it con- 


 1ains then acts, and with the strongest power 


near the surface of the earth, because, as an 
elastic and weighty fluid, it is more condensed 
there, than in a more elevated Part of the atmo- 


TI „ 


4 For 1 says De eie «] freely 
confess, notwithstanding the authority of such 
celebrated philosophers, I neither can look upon 
fire as a fluid, so entirely free and independent 
as to elevate itself with such rapidity by its spe- 
cific levity, or to condense itself by its specific 
gravity. It appears to me, that the more the 
phænomena of that subtile matter is inquired 
into, the more a man must be convinced that it | 


is connected with all bodies by so great an affini= 
ly, that all its motions are determined, or most 


* * 5 power- 
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| powerfully modified by thar affinity. W ö 


body lang | * air, indeed, gives a greater 
heat above than it does below, in consequence uf 
the axiom, that heat ascends. But, this eff 
is undonbredly owing either ro the levity of the 
fluid which constitutes the flame, or to the ler, 
_ of the air dilgted by the heat, and not to te 
Specific levity of the en fluid itself. Not I 
but that Iregard the ig aid: mpa 
more light than air; at the same time, T do nt 
believe it enjoys a freedom so complete in oujt 
atmosphere, as to ascend in virtue of its own 
specific levity. The celebrated Monsieut Bou - 
' puer, in treating of his voyage to Peru, says, 
One has reason, in the explanation of the 
cold which reigns on the tops of high moun- 
tains, to insist on the Short continuance of the 
action of the sun, which prevents each of 
their faces from being struck. An horizontal 
plain, when the heavens are pure, is subjed in 
open day to the perpendicular action of the rays 
of the sun, and without any thing to dimintish 
their force; instead of which, a ground greatly 
inclined, or the sides of a high pointed rock, 
cannot be struck but obliquely. But, let us up- 
pose for a moment an insulated point in the mids 
of the high regions of the atmosphere, re 
es m_ e of all en, uppose it 


kerri Ww. 153 
u the clonds which float in the dir, The more 1 
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facility with which a very transparent body gives 
passage to the rays, Shews it is with difficulty the 
minute particles are struck against each other. 

In fact, what impression is to be received from | 
| it, when in its passage it scarcely meets with 
any obstacle? In the higher regions, the air 
is subtile and transparent. In the lower, che air 
being denser, is heated by contact, or by the 

| neighbourhood of bodies more dense. The 

lowest bed of the atmosphere by this means con- 
tracts daily a very considerable heat, and in- 
creases in the ratio of its density. But, one 


readily sees, it is not the same thing, at a league 


and a half, and at two leagues from the surface 
of the earth, although the light which passes 
is a little more vivid. The air and wind must, | 


therefore, in such situations be always extremely | 
cold ; and the more the points are elevated, the 


more penetrating must be the cold. e 


& A fact acti iy Ds . « and 
which proves strongly to my mind, that the ac- 
tion of the solar rays, considered in themselves, 
and independent of all exterior causes of cold, 
is as great on the 0 of mountains as in the 

N level 
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| i | 28 level NE ER gi; that the Hot of RO. | 
hl | same at all heights. I am thoroughly convinced, | 
ny therefore, with Bouguer, continues he, * thun 
| the principal reason of the cold which reighs & | 
| the tops of mountains, particularly those in 
it lated, is, that they are always surrounded and 
1 cooled by an air that is invariably cold; and tha | 
wy that air is cold, because it cannot be greatly heated, 
1 neither by the rays of the sun, in consequence x 
Ii its #ransparency, or by the surface of the eam, 
Wt an account of its distance from the as 3 
11 n, „ noe extiafiend mall dect 
1 are even divided about the nature of light. Some | 
1 | think it the same as the element of fire, in te 
us! state of its greatest purity ; others look upon it 
Th zs of a totally different nature, incapable by it- } 
ith self of heating; and that it has no other power, | 
| 4 than that of giving motion to the igneous fluid | 
i which produces heat. Yet, all-agree, that light ; 


does not excite heat in bodies, but in proportion 
as it is absorbed by them; and different bodies, we 
know, absorb light in greater or less quantities. 
Por instance, Dr. Franklin having exposed wo 
small pieces of cloth, of the same texture, but 

of different colours, upon the surface of the 
Show, and to the rays of the sun, he perceived, 


a few hours afterwards, that the red cloth was 
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| buried in the snow, while the other „ „„ 
| white, had not suffered any eee Mons. 
de Saussure also observes, that the peasants of 

the mountains of Switzerland are careful to spread 

a black earth over the surface of grounds co- 

vered with snow, when they are desirous of melt- 

ing it, to sow their seed. So likewise children 

burn a black hat in the focus of a small . 

which would en heat a w he. + 


Thus the Jenzer ah is, the We it is charged EP 

| with vapour, and the hotter it is. Are not then 

the reverberation of the rays of the sun, from 1 

the surface of the earth; the reflection from tge — 
denser parts of the atmosphere; and the syper= » 

fcial heat of the globe itself, the real causes which 
render it warmer on plains than on mountains? 


be influence of the surface of the earth ' * 9 
; : $ F ; | a ö i 
on the temperature of different places, conti- | 


nues De Saussure, proves strongly, that it is 
to reverberation, and the communication of the 

internal heat, that the greatest part of the heat 
of our plains is owing. Why, under the torrid 1 
zone, have the little islands a temperature always | | 
zupportable, while the middle of continents, situ- _—_ 
ated in the same latitude, is tormented by the _ - = 
most violent heat, if it were not that the sea 

| | „ 
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"as sun deeper,” and returns: ed 
heat into the air than the earth? Why'is itün 
- exltivated countries have better air than othen, 

Fir be not that cultivated lands receive a} 

return more of the rays of che sun thy 

 forests? Why, in the center of Europe, 4 ff 
one feel a considerable augmentation of heats 

- it be not that the corn is not capable of reve! 
berating into the air as much heat as the em 
itself? At nineteen hundred toises above the WM 

level of the sea, in ascending Mont Blane, l x 

without any snow about me, which could reve] 0 

derate, I found it insupportably hot. When f 
is this ? To me it appears to arise from the great , 
sensibility of the human frame in such an cle. 
tion, particularly as the thermometer did nt 

accord with the sensation. The considerable di 
minution in the pressure of the atmosphere a 
one's body at such a height, must una void 

| produce a relaxation in the whole of the vascun 
system; and hence it follows, that the dire 
heat of the sun, which tends to dilate the qu 

inclosed in these vessels, and even to disengig W 

| the elastic fluids, must of course produce a ge 

effect on the tops of mountains; and the n 

may be said with respect to the difficulty of W 
breathing, and the prodigious —_— winch ve | 
Ferie as we advance 1 in elevation,” 855 The | 


The ingenuity, and the strong grounds of des 
O astrative evidence which this reasoning appa - 


vould have thought, to have precluded all fur- 


ca, after him, assigned the same reason, the res 
fe tion of the solar rays from the surface of the 
ground, quod radii solis a terra resiliunt et in 
que a terris calefacit, qeuæ ideo plus habent te- 


felt otherwise. The causes to him seemed in» 
adequate to the phænomena. M. De Saus- 


sun are fire, and that in passing through a rare 


nere 


produce greater and greater heat in proportion as 
the air is more dense and more loaded with va- 


= 


considered, in my opinion, as a proof that light 
is not fire; for fire would follow a very different 


not luminous, was suspended in the upper part 
of the atmosphere, i it would heat the parts near- 


4 * > ww > a Sh 


LET x1v.'! #8 


ently possesses, would have been sufficient, you 
ther controversy upon the subject. It had even N | 
great antiquity to support it, for Aristotle ex- 


plained the reason why the air near the earth was 
more heated than in higher situations; and Sene- 


5 recurrunt. Horum duplicatio proxima quæ- 
poris, quia solem bis $entiunt.” But De Luc 


ore,“ says he, * contends that the rays of the | 


and pure air they heat it but little ; and that they 
| pours. Now this very cireurmstanee may be 
progression. If a globe of metal, very hot but 


est to ĩt most, n earth would receive no | 
| . ; 


3 . 1 1 z 
greater h eat 


tiguous to it. Ae De e e 
prove likewise, that the greater heat of th bi 
on the plains is owing to the heat communicate 
to it by the earth. But from the very cu 10us 
= experiments of Mons. Picket, it is evident, that 
in the night, to the height of fifty feet, which 
is as far as his experiments went, there is.no 
stratum of air less hot than that which rests im- 
mediately on the ground. Thus it appears con- 
clusive to me, that the greater degree of hest 
which the sun's rays produce in the lower pat 
of the atmosphere, is owing not to the great 
density of the air, but to the greater quantity 
of watery vapours it contains. For let us recol- 
lect, that it is not that part of the day, in which 
the sun produces greatest heat in the lower strata, 
that the watery vapours are diminished there; yet. 
without reaching the upper ones, it is natural to 
conclude, that the two effects are connettec 
with the same cause, namely, the cransf matic 
of vapours into air by the solar action. And 
as in this case a sufficiency of fire must be form 
ed, not only for supplying what is necessary t0 
the constitution of the new ait, but lene 
for producing an increase in the quantity of free 
fire, it will follow, that the water which then dis · 
appears, contained the matter of fire, and thatthe | 
3 | | Ro 


sun's rays, 1 produc 
produced also the barons which di: 
wk nitrous acid. e = - 8 e 
De Lue Hebes suppor 
- proving, © that when there was a more Wen of. 
dinary quantity of vapour in the atmosphere, 
without clouds, the rays of che sun were more 
warm than when it was serene. As exhalations 
of all kinds, says he, are less roots in 
winter than in summer, this deficiei 
a great measure account for the small degree of 
heat in winter. And this enables me to assign 
the reason why there should be so great a dif- 


ference in the cold of water in countries al- 
„ but varying : 


. 


most exactly in the same lat 
in the nature of their rrhioaphats: For ex- 


ample, it is well known the winters in England 
are less severe than those on the continent in the 
same latitude, and of an equally low situation. 


The reason is clear; England being an island, 
is always covered with vapours which arise from 


the sea, and consequently the rays of the sun 
can cause more n in ms org mars in a "drier 


and crave ug 9 5 ae. 
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Ir will be unnecessary to chin you TTY 


1 ching more of che controversy which has 
been, 


may in 
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lebrated philasophers of the county p 
now are. It is a curious subject, but liable to th 
endless discussion. For my own part, 1 must ir 
honestly confess my full assent to the doctrine, WW cf 
that the solar light is positive heat, The 8 
clusions drawn from M. Picket's experiments of | 
the stratum of air next to the earth being cold. WI 0 
est at night, are rather ingenious, I think, than it 
convincing. Aqueous vapours will certainly or 
multiply, and consequently increase the quan in 
tity of heat; but in order to do so, they must 50 
be ated upon by heat. Now is it not to be ee 
presumed, that during the coldness of the night, ray 
that is, during the absence of the sun, the pare Th 
ticles of fire would rush from the surface of the gla 
earth, in successive progression from the tr the 
tum of air immediately adjoining to cherte dee 
face, to supply the general deficiency 0ccas pass 
2 in the higher regions by the absence of the dale only 
influence? Fire, it is well known,-is a fluid that Wi of b 
endeavours to expand itself on all sides, and, coun 
Uke other fluids, to maintain its equilibrium, Jn WI matt 
the expansion of air, its capacity fer heat is en- «7. 
larged. Elastic fluids, while they expand, ab- forat 
sorb heat from all bodies in their vicinity, $0 48 quid: 
to, produce cold in them. Thus, when bereft of Bi nsch, 
beat from. the zun, they * nene, ben 


| 8 ; 
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and eee the earth the CRY * re- 
plenishment, which it received in the day ; t and 
thus, consequently, the air nearest the ground 
in the night will be colder than at an elevation | 
of many feet inthe” par ana . 4 1 


« As the earth, 2 days Wii; « js the chief N 
cource of heat in the atmosphere that surrounds 3 
it, distance from the earth is the source of cold. : 
or in other words, the grearest cold must prevail — 
in the highest regions of the atmosphere; and 
so much the greater, as clear, unclouded air 
seems to receive no heat whatsoever from the 
ms of the sun, whether direct or reflected. 
Thus, if the focus of the most powerful burning 
glass be directed on mere air, it does not produce 
the smallest degree of heat; and the reason is, 
because the air being transparent, affords a free 
passage to the rays of light, which act as fre 
only when confined within the minutest interstices 
of bodies; as it is then, and then only, that they 
counteraft the attractive power of the particles of 
5 matter; in which action and re- action heat con- 
WH ©. The next general source of cold is e. 
foration ; for the attraction of the particles of li- 
| quids decreases, as their points of contact dimi- 
( nish, and thereby their capacity for receiving 
de matter of heat (which is the same as light) 
| Wh. ... 1. increases 


4 


1 — ranma | 


increases. By this increased capacity, h 
ter of heat or fire contained in the neighbouring 
bodies, which, like all other fluids, flows when it 


$ 3 
bl t 


finds least resistance, is determined to flow to- 


wards the vapour; and consequentiy those bo- 
dies are cooled, though the vapour is not heated, 
because the re- action of its particles is barely 


equal to that which it had before its capacity 


was increased. Even in our own persons We can 


prove, that when the body perspires strongly, it 
is less heated than surrounding bodies, and that 


perspiration always produces a certain degree of 


coldness. Almost all fevers end in perspirations, 
which, beside the advantage of expelling the 


morbific matter, possess, likewise, that of carry- 


ing off the matter of heat, and restoring the 


body to its common temperature. In fact, all 


gaseous substances are maintained in the aeri- 
form state merely by the heat which is com. 
bined with them. ä rus 


"The 3 state of. 8 most . 
consists of a subtile vibratory motion of their 
parts. For the particles which constitute light, 
being thrown from luminous bodies with Such 
amazing velocity, it is clear, whatever be the 
cause of such projection, the re- action congequent 
n it must be considerable. But what is thi 


ak | _— 
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5 light, I may be asked again? * * It must be,” ” an 


body of itself, or it must issue out of, and pro- 
| ceed from some other body.” Now the latter 
case 1s improbable, and from this simple expe- 

riment. Suppose a bright and burning flame, 5 
of one inch diameter, be placed upon an emi- 
nence, it will send its light around it for the 
space of three miles, which makes one hundred 

and thirteen cubical miles. Now that this small 

body should incessantly emit such à prodigious 
quantity of particles as to fill this space, appears 
incredible, even upon the supposition of the in- 
fnite divisibility of matter. Is it not more natu- 
ral to suppose, that objects become visible, 

by those particles of light which intervene be- 
tween our eyes and the object, being en 1 5 
excited and 1 in n | | 


This reazoning; hands ola and 1 
bordering upon that of the great Des Cartes, is 
yet, perhaps, erroneous. Light, we may sup- 
pose to be certain inconceivably small particles 
of matter, of different magnitudes, which are 
emitted or reflected from every point in the sur- 
face of a luminous body, in right 8 and in 
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anti· Newtonian would say,“ either a 3 8 
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all fireBtions, with an unparallelled * wa 
whose power and intensity decrease as the squares 
of. the distances increase. Were it always dif- 
| To fused, and always existing in the air, we $hould 
WW. 5sece as clearly in the xipb7 as we do in the day, 
 » because thesun below the horizon would certain- 
| ly impel the globules on all sides, and the im- 
pression would equally affect our eyes. The 
colour, however, you must acknowledge,” Say 
; again the anti-Newtonians, © has assuredly a 
1 5 Connection with the degree of heat. Nay, 80 
co0ertain is this, that with those who are concem- 
ed in certain chymical processes, the colour is 
the criterion of the degree of heat. Thus they 
know, that the body or matter they are operating 
upon, when just beginning to glow, is at one de- 


gree of heat; when of a cherry red, a higher; 7 
when orange, still higher; and when white, great- - 1 
erst of all.” To this I can only answer, on general f 
principles, and in words which have been often : 
made use of. The colours of natural bodies de- i 
pend upon the thickness and density of their 1 
component parts, and consequently the mi- 
nutest changes in either of these qualities will 
make very considerable changes in the colour. t 
But there is, besides this, great uncertainty of 0 
colour, according as the heat varies ; and this is h 


in fact much felt and complained. of. Crystals | 
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+ qvichollngid apa thbiabd yellow, or 
red, according to the degree of heat to which 
they have been exposed: whilst, on the other 
hand, the same quicksilver, corroded into a g 
line mass by oil M vitriol, remains ee. 
nm - | 


truth of some of these potions, hs controver- 


undecided. & You hold? 
| an the: an 
; * that the particles of ligh nt are emitted from X 
the surface of luminous bodies. $o far we will 


grant you. But, in return, you'surely can have 


v0 chjcRtion ee 
such emission, the gnubstance: 

bodies must be gradually dissipatedꝰ Letus have 
the permission, therefore, to ask you, if uch be 
the case, bow you can account for the constant 
and immense consumption of the solar light, 
vithout the volume of its orb being dimi- 

nished?” 7 


Here is eee which has long 
of our pioophers The e of nature, 
however, an in a striking : 
Ly. 
* Nicholson's Natural Philosophy. 
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whatever the particular mode may be, aha 70 
| unquestionably must be some mode of bring- 


ing the sun's own matter back to him in circula- 


tion; otherwise his source must undeniably have 
been exhausted thousands of years ago. Cireu- 
lation, then, æ would seem the only principle upon 


which the phznomenon can best be/accou 


ed for. Circulation, indeed, at once solves the 
difficulty, and that in an intelligible manner. Firs, | 


It accords with the progressive motion of light, 
the source of which would be 'inexhaustible, 


because there could be no exhaustion, whe 


there was a supposed circulation. Secondly, N 


agrees best with that analogy, which is 80 fe- 
markable in the other departments of nature. 
The blood, for instance, has a progressive mo- 
tion in the bodies of all animals; water has a 


has a progressive motion in the atmosphere; and 


circulation. The blood returns into its own 


Source ; the water returns to the ocean whence 


it came; the air circulates with contrary cur- 


rents in the atmosphere; the equatorial and po- 

lar parts always supply each other reciprocally, 

to restore the equilibrium : 80 chat if che matter 
p of 

. Philosophy of the Elements. - 
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of the sun returns into itself, there is nothing 
singular in e- and that philosophy is 

certainly the most admissible, which creates 
the fewest principles, . explains nature in such 
a way as to make it consistent with itself. Third - 
ly, the fire of the heavens is thus understood to 
burn on the same principles as the fires of the earth, 


with a constant supply of elementary matter. 


And, lastly, there is this further advantage, the 
greatest indeed of all, the operation of a double 
_ perpetual motion in the system, the first and 
greatest of all Secondary causes, accommodated in 
every respect to account for the revolutions of the 
heavenly bodies, which no other hypothesis ever 
did or ever could be able to do with any ap- 
pearance of consistency and probability. Hoc 
est ergo sol in æthere, quod in animali cor.“ * 
The heart of animals,” said Harvey, ** is the 
foundation of life, the chief ruler of all things 
in the animal system, the sun of the micro- 
cosm, from which flows al: its e and 
vigodr,” ie 5; 4 


But, let us ask, as the followers of Newton 
believe that the rays of the sun not only come 
to us but extend to the limits of the solar 

system, where is the difficulty i in believing that 
ee they 


* M acrobius. 
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up to demonstration, and proved it, as I have al- 
ready said, from the seven distinct colours, ot 
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cities, which this solar matter affords, and which, 
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8 sued ꝰ Is a reflux of light a more incomprehen- 


sible operation, than a flux of light? Neween 
says, * Light consists in the emission of the par- 


ticles of luminous bodies; thus the sun darts 


from its surface, and from every part at the same 


time, those molecules of its substance which 
come to us in seven or eight minutes. 4 0 


this he followed Epicurus and Lucretius, who 
supposed light to be an emanation from haminous 


bodies; as odour is an emanation from odonous 


bodies. Newton, however, followed the idea 


all blended together, m_ ons: luminous _ 


ZOE 5 Fla e 


As you have e seen, e W 
theory has by many great men been looked upon 
as objectionable. Some, such as Euler, Would 
substitute an independent elastic fluid, univer- 
sally compressed and agitated by the sun : others 


would have an æther, universally diffused, and 


rendered luminous, by a vibration occasioned by 
the planetary motion. Neither of these opi- 
nions, however, agree so well with the sim- 


ple 
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ple propagation of light. Light, we all know, 
is projected in straight lines; whereas, an elastic 
fluid, pressed upon, or an æther strongly vibrat- 
ed, would cause an undulatory diffusion of the 
luminous particles. But, it is said, the parts of 


which is carried through the air, and why should 
it be chen n luminous n, 


To this, Leg it may 10 W char 
zound is not material, as its vehicle air is; but 


does not decrease the bulk of the body whence 
it issues, but light, when joined with heat, always 
does. Moreover, odour i supposed to consist = 
of odorous particles et from an odorous 
body; and why may not light be supposed to 
consist of luminous particles emitted from a lu- 


minous body? In regard to fire, indeed, everx 
Philosopher, since the revival of science, from 


Bacon, Boyle and Des Cartes, to Boerhaave, 
Stahl, Lavoisier, and an endles list, each has had 
a clear, but a different opinion. Some will have 
this great agent of all our phenomena an inte- 
gral substance, the same as light, but altogether 

unaccountable from being invisible, as well as 
visible. Others will deduce it from the rapid 
motion of a certain fluid which, they hold, the 
OS i universe 


2 sonorous body are not diffused in the 8o0und 


that light is material, that is, a substance. Sound 


t 
[ | 
* 
N 
7 
4 
$43 
. 
L 1 
+ 
1 x 
oY 
1 1 
7 0 
8 . 
by o 
* ; 
gl: 
i 
$4 1 
11 
$ 
19185 
7 . 
1 74 
. 
17:98 
2 | 
„ 
$2168 
31 
11 
47 
7 
I 
1 
i 


I SA fin ˙ Ae A), i rt i 
— — ee 9 — — * —— : 
w if 1 WIS Ke. ers ARCs a Lge ms IT . — — 
— * . 5 0 —ͤ— neee. 2 —— : 2 2 — Lp 8 
N i I- ” _s ” * P Fo, : 3 IRS = ne — — 
1 . >, 2 — — 5 = — — — = = Gs APR TR oor Rn = — > 
— Y "IO" - W — "AE 17% : — _ 


— 
2 — 


— 
bon bf omen. = 
+ Fo 


ISI II 
% 2 


——— 
— * — — 
7 

. es. . 
ey gy we 
ores > AS 4a 


TER xl i 
xo 0 8 5 Fe | 


ubs to be filled wich; and by which without 
any er weg of oo "WE world"i is il Eq 


nated at once. eee 


This TORN cause, or "TY wonderful ; 
whichever it may'be, flies, it must be confeszed, 
from every research. The most violent hear 
does not manifest itself by any luminous appear. 
ance; nor, in some instances, does the most 
brilliant lucidity afford any heat. These contra 
distinctions would, therefore, seem to indicate 
two contrary elements, or at least distinct modi- 
fications of the same substance; and might fur 
ther lead one to believe, that the action of light, 
to cause heat, is determined by the integrity of 
that light. Fire is in every substance in nature, 
light is not so. Fire proceeds in every direction, 
light always in straight lines. The principle of 
heat in animals, in vegetables, in fluids, and even 
in solids, is in action without being visible; but, 
phosphoric bodies, which are to be met within 
mineral, as well as in animal and vegetable Sub- 
stances, are luminous and visible, and yet yield 
no heat. This, however, does not go to prove 
that heat is not joined with light in 'the"solar 
emissions, any more, than because these emis- 
sions Scarcely affect a diaphanous body, they are 


80 incapable of affecting an opaque one, in 
. which 
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which they fix, and which they consequently 
heat. Does not the burning mirror, by concen- 
trating the solar rays into one focus, give an 
astonishing degree of heat? And as that heat 
burns intensely, can it e called _ ching'b = 
fre??? 


But, where is the sound philosophy, (Thopel 
may be pardoned the question) of reducing 
every thing to one, and one only cause? There 
are luminous bodies without heat; there are 
heated bodies without lucidity. Is it not, there- 
fore, allowed us to believe, that heat and light 
may be blended in the solar ray, as fragrance 
and colour are in the rose? Light, heat, and 
flame, may be modifications, but they do not 
alter the nature of a first substance. Whether 
motion be the cause of fire, or fire the cause of 
motion, the phænomena rest still the same. If 
the sun do not give us immediate heat from its 
own substance, it is the cause of giving us im- 
mediate heat from some other substance. A po- 
sitive emission of particles, or a positive action 
on an universal medium, comes to one and the 
same point. Our bleak north east winds, which, 
in their violence are reflected so as to cause pow- 
erful collisions, never generate heat. But, the 
sun we feel to be the source of ben, the n nearer 
| we 
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with a portion of itself. Thus, in the beginning 
a body supplied with a certain quantity of air, 
burns with violence; but, no sooner is the sur- 
rounding air decomposed or vitiated, than the 


changed, as to have become a totally different 


and which alone administer to combustion, are 


: 5 T3 ) 
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we advance; or the more we msd PR, = 


equator, RE INN —— 


| The 1 light and of doo oY 
ever, may be distinct from the phenomenon of 


terrestrial burning. The element of fire, we 
know, is every where: it is in the earth we tread 


upon; it is in the air we breathe; it is in the 


aliments that nourish us ; no part of nature is 


without it. But, it has long been ascertained, 
that combustion will not take place unless it be 
nourished by air; that a given quantity of ait, 


in which a body is left to burn, will admit of 
combustion no longer than it is able to feed it 


fire is extinguished, and combustion is at an 
end. On examination, the volume of this ait is 
found diminished, and its nature so entirel7 


fluid. The vital, or de phlogisticated parts of it, 


found expended : and hence that doctrine, 
burning is caused by the faculty which some 
substances bave to decompose vital air, from the 
5 


no 
tio 
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NY mass of the atmosphere; and that heat, 
flame, and light, are proportioned to the rapidi- 


positions n give light or heat. 
So far as these as regard common 


against the phlogistic hypothesis of Stahl. But, 
what are the properties these certain substances 


vital air? Are they such, as that it would be im- 
proper to reduce them into one, and call them 
all by the name of the inflammable principle, or 
the principle of fire gui generis? Can vital air, 


beat, light, or combustion? In the innermost re- 
fluid, which causes animation, vegetation, flui- 


substance? Is this a matter different from vital 
metals ; nor does the absence of viral air to their 
contraction. Vital air does not give fluidityto ice, 
nor does the absence of vital air give congela- 


fore, to admit of an OTE principle of fire ? 


ty of this decomposition for that slow decom- | 


combustion, they may be allowed to militate 


pos5eSs, which enable them to decompose this 


without the agency of these properties, cause 


cesses of nature, in her coldest, and in her darkess 
abodes, tflere is, we know, a penetrating, subtile 


| dity, evaporation, and, in a word, all the pheno- 
mena of this our little globe. Ts this a distinct 


air? Vital air does not operate to the expansion of 


tion to fluidity. . What crime in physics, there- 


a From 
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Fre rom the earliest periods of time, * wisest 
men have allowed it. What crime also, to ad- 
mit that the sun darts out light and heat to the 
' limits of its appropriate system? The witest 
men have also ae of me ee | 
| The Gre which aa, 1s ; apparently als 
but a certain matter put in motion: but, all 
substances are not capable of causing the mo- 
tion, of receiving, or even of nourishing it. This 
matter, however, evidently exists, and is what 
Stahl called phlogiston. Nature appeats td 
afford an igneous, or inflammable fixed air, as 
well as a mephitic, or aerial fixed acid. Vital 
air, or as Scheele calls it, the air of fire, is demon- 
stratively necessary on the surface of the globe, 
for inflammation. But, are the brilliant expe- 
- riments of modern chymists relative to*this vital 
air, (they will pardon my pyrronism) radically 
to extinguish the no less brilliant experiments of 
former chymists on phlogiston? An inflamms- 
ble principle has been as ably supported as a prin 
ciple of vital air. The inflammable principle 
exists in animal and in vegetable substances, in 
solids, in. liquids, and in aeriform fluids. It Passes 
from one to the other, as a common or uniyer- 
sal principle; it is the cause of various combl- | 


nations; it causes fermentations, effervescences, 
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and purrefaRtions 3: it causes n eva- 
porations, exhalations, &c. Common terrestrial 
lights, I know, instantly die away, and disappear 
in a vacuum; a proof, no doubt, of the essen- 
tial agency of vital air in terrestrial combus- 
tion. But the solar rays, in all the energy and 
strength of fire, dart through this very vacuum, 
and, in the absence of all air, give combustion. 
Is not the solar light then a matter different 
from the common terrestrial light? In this expe- | 
riment of the vacuum, there is no need of the 
afflux of vital air, disengaged from the atmo- 
spheric air. The solar rays here appear to act in- 
' tegrally, and to have a decided effect indepen- 
dent of vital air; whereas, vital air is incapable 
of any decided inflammable effect without the 
solar influence, or without the aid of some ons: 
gistic n, rj 


The princes of "GY which i is the cause of | 
existence, is different from that of heat, which is 
the effect. Without the agency of the element 
of fire, there vould be neither solidity, fluidity, 
elasticity, nor motion. Matter would be a shape 
less mass, without energy or force. Light and 
heat are not distinct properties, they are merely 
effects. But, the element of fire is the first great 
link in the wn chain of nature. It is not 

only 
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only the cause of expansion and volatility, but 
it is likewise the cause of cohes ion and of fixity. 
It is that which gives to minerals their solidity 
and brilliancy; to calcareous substances their 
consistency; and to organized beings their tex- 
ture and vitality. The principle of fire indeed, 
the pure phlogiston, has been confounded with: 
its modification, inflammable air. But the one 
is elementary, and invariable in its action; the 
other is a compound, and is various in its 
combinations. Heat has also been denominated 
a substance; but heat is only a quality, occa- 
sioned by an augmentation of volume, and a di- 
minution of solidity. Its mobility, its incon- 
| $tancy, the impossibility of fixing it, all prove 
this. Were heat a substance, and not the effect 
of a substance, how inconsiderable soever its 
density, it would in some measure augment the 
weight of bodies, and that in the ratio of its in · 
tensity. But the weight of a body is the same, 
whether heated or not heated. Neither heat nor 
light have any sensible weight. And yet, how 
slow is the developement of heat, to the asto- 
nishing rapidity of light! These two effects of 
fire, therefore, differ as intrinsically from each 
other, as they differ mee, From: heir: * 
rent element. 
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And 1555 1 think, we may o 


dusion. An emission and a elt We 
particles are to me as satisfactory data to go 


upon, as an emission of odorous effluvia from A 
flower, or the circulation of the fluids of an 


animal, or of a vegetable. The rays of the sun, 
I consequently must hold to be material, and to 


be of the element of fire. Of what infinite im- 


portance do the presence of light and of heat 


appear to be to existence and to vegetation! In 


light and in heat we may see the principles of | 
life, as in darkness and in cold we may see the 


principles of death. From fire, besides our own 


animation; we can trace the taste, the colour, 
and the perfume of the whole vegetable world. 


In pure phlogiston, we can trace the 


of existence, the soul of motion, the very ner- _ 


vous fluid, perhaps, which gives sensibility to 
man. In a word, from the orb of the sun I 
cannot but conceive light to be projected; and 
that heat is occasioned by collision or motion, and 
is fire only dilated by some speciſic cause: for 
there is a most striking analogy between bodies 
at rest in mechanics, and bodies that are cold 
in chymistry; rest being but a privation of 
motion, and cold being but a privation of heat. 


At the same time, I en ee n,. 


an of terrestrial co 
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I; been called by the French la principe oxygene, 
But vital air, to recur to an example, I have 


than in the temperate or frigid regions, or more | 
in the summer than in the winter; and yet, 
hy should there be in the neighbourhood of 


| have always looked upon the sun as the dispenser 
of positive heat, as well as of positive light; 


"ER TY, 


necessary. Vital air, I know, is suppoed to 
be the base of all acids, and has consequent- 


never found to abound more in the equatorial 


the line, or in the summer, if it be not occa- 


sioned by immediate solar influence, such un- 
equalled heats, and such unequalled evapora- 
tion? Heat and light then, I mean such as 

come from the sun, I must believe to be inde- 


pendent of vital air, though terrestrial inflam- 
mation may not. I may be wrong; but, I 


and I am not yet sufficiently convinced by any 
new, however celebrated theory, to relinquish 
what has ever, until lately, been the favourite, 
and, as it Should . the self e 85 ; 
of mankind. 3 


Nor in truth, is there: such a mighty diffe 


| rence between the old and the new theories. La- 


voisier thinks that light, heat, and all the other 


777... ood HOES. 2 
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rather on a certain \ ation of the air, than on 


the peculiar nature of combustible bodies; that 


the flame which then arises, is occasioned by 


the disengagement of the light which was com- 


dbined with the pure air, not of that which ex- 
isted in the combustible body. To pure air he 


veribes that decomposition, which, according 


to Stahl and Macquer, takes place in the inflam 
mable substance. Pure air, he considers as a 
compound of fire and another principle; and 


fixed fire, the disengagement of which is the „ 
principal act on such occasions, is, in his opi- 


nion, separated from the pure air, not from the 
combustible body. Now this fire or heat, which 


Lavoisier allows as a principle of pure air, and 


the disengagement of which he takes to be the 
cause of the sparkling flame and vivid heat 


which accompany the rapid combustion pro- 


duced by that air, act nearly the same part with 
Stahl's phlogiston, or Macquer's fixed light; 


and consequently, as they all seem to be uni- 
versally agreed concerning the existence of the 
principle, the only difference among them is, 


that one party believe it to exist in combustible 


bodies, and to be the cause of inflammability ; 
while the other consider it as a principle of air, 
and ascribe inflammation to a different cause. 
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” Saris the orerful agency of. the "ws 
rays, you will, from a former letter, have un- 
| derstood, that various philosophers have insisted 
not only upon the universal agency of fire on the 
surface of the earth, but have maintained, that 
there is the strongest reason to believe the ex- 
istence of a central mass of internal fire. The 
doctrine taught by Burnet and others, together 
with the objections to it, you have had already 

before you. Both Des Cartes, however, and New. 
ton, leaned in some degree to the same opinion. 
They both adopted the idea of a considerable in- 
ternal heat. The latter, in his 31st question, 
thus expresses himself: Si consideremus quam 
multum sit sulphuris intra terram, et quam ca- 
lidæ sint partes interiores terræ; fontesque fer- 
vidos contemplamur, montesque ardentes, me- 
phitesque subter terram subitaneas & vapores 
inflammabiles; coruscationes metallicas, terte 
motus, exhalationes æstuosas & suffocantes, ven- 
torum turbines, immanesque aquæ marinæ in 
ccelum usque elatos & contortos vortices; utique 


"= 


Aren N 


* 


melligere porerienlta. oath 


6 ita comparatam : 


esse terram, ut in visceribus ejus abundent va- 


pores sul phurosi, qui cum mineralibus fermen- 


tescere debeant, & interdum ignem concipere, 


cum subità coruscatione & displosu; & si forte 


in cavernis subterraneis arctè inelusi continean- | 


tur, vehementer conquassare terram, & cavernas 


ejus disrumpere, quemadmodum cuniculi pul- 


vere tormentario repleti terram suffossam mira 


cum violentia disjiciunt: quod cum accidit, tum 


vapores explosione ista generatos, per occultos 


terræ meatus expirare, æstuosque sentiri & uf. 
focantes; procellasque, turbines & tempestates 


ciere, efficereque nonnunquam, ut terræ tractus 


de locis suis transportentur, ebulliatque mare, 
& guttatim subvehantur in cœlum aquæ, quæ 
deinceps acervatim & vorticoso  pondere core 
ruunt, quasi è nubibus cffusz.” 5 


That there are rise fires kindled 3 in the 


bowels of the earth, may readily be believed. 


At the same time, sound reason would perhaps 


lead us to conclude, that the mass is not in con- 
tinual ignition, but that it becomes accidentally 
generated. The materials unquestionably abound, 


but the cause is not always at hand which 


drives them into action. And experiment, it is 


wm 


said, strongly supports the conclusion; for it is 
8 13 proved, 3: 
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nb is not increase as we descend 
it, but that at the greatest depths, it is near- 
ly the same as the mean annual temperature, 
In the mine of Joachimsrahad, for instance, in 
Bohemia, and reputed one of the deepest in the 
world, M. Monnet found the temperature at the 
_ of seventeen hundred en be ey 945 


f The surface 4 5 earth, F $ays e 
ce js much heated during summer; but this 
heat descends very slowly, a great part of it 

being communicated to the air. During the 
winter, the earth gives out to the air the heat 
it had received during the summer. 1 
| sequentiy, wet summers must be succeeded 
cold winters. In all this we see, continues he 
e nothing like the operation of a central heat,” 
| The fact, on the contrary, proves, that at a cer- 
- tain distance from the surface, namely, about 
380 or 90 feet, the temperature of the earth va 
ries little, and generally approaches to the mean 
annual heat. And thus the temperatute ef 
springs is nearly the same as the annual tempera- 
ture, and varies very little in the different pe. 
riods of the year. The greatest cold, if it la 
only a few days, even when below o of Faren- 

| _ ne earth © even is not covered with 
| | an, 
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now, does not penerrate above twenty inches, 
and not above ten inches when snow. lies on'the 
surface. De Saussure likewise observes, that 
water has never been found to be considerably 
varmer at the bottom than at the surface. The 
greatest difference that has ben obsery d,” says he, 
has been four degrees of Farenheit's thermo. 
meter. In latitude 350 S. according to Forster, 
the surface of che sea was 30 degrees, and at 600 
feet, it was only 34 degrees of the same thermo- 
meter.“ The contrary indeed has been remarked, 
when the heat of the external air has exceeded 
that of the water. The bottom then has been 


found considerably cooler than the surface. More-„ 


over, in addition to these facts, it may be pre- 
sumed, that the heat of the sun does not pene- 
trate the waters of the ocean to a greater depth 
than 150 feet; or the gurface of the earth more 
than to 15 or 20 feet, for at that depth ice is | 
pa: er e ee ee 88 


After all, i it 1s abba 8 must 
be a heat, a principle of fire, independent of tbo 
sun, in the bowels of the globe; for otherwise 
men, animals, and vegetables, and in short, all 


nature would languish and fall into annihilation, 


during the six months absence of the solar rays 
from the polar world. Vet, we see there that 
| M4 - | existence 
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du on; that new generations arise 
and that the fire of life circulates i in 1 


maps as in the torrid regions. Moreover it 


is not altogether an 'esrablivhed- fact, that 
the warmth of the earth does not increase the 
deeper we descend into it- I am aware, that 
what is agreed on one side and on the 
3 may have been the result of | acciden- 


tal, and not of permanently physical causes, 
No positive theory can be established, on a tew 


sblitary experiments. But, in the mines of Ge- 


romagny in Alsace, and at the depth of 600 hn, | 


according to Mons. de Gensanne, the 'thermo- 


meter was found to be ten degrees aboye 4 
freezing point, and out of the mines, Where the 


solar influence could alone be felt, it was only tuo 
degrees above the freezing point. De Maran 


moreover says, that, still prosecuting the descent, 


they found that the mercury, at the depth af 
1330 feet, had risen to the 18th degree above 
the freezing point; the heat, as it were, increas- 


ing in proportion as they penetrated into the 
earth. But, in truth, if heat did not exist in 


the bowels of the earth, how should we have 


volcanos at the bottom of the ocean? How is it, 


that the sea at those profound depths, where the 
solar rays have no influence, does not congeal 
and form one body of ice? How is it that in 
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in the body, digesting and separating it; chat 
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the eoldine region, the surface only i is congealed 


and that to an inconsiderable depth, in A 


nson to the mass of the waters? Whence e 
those tepid springs, which flow at eee | 
in the 8oth degree of latitude ; and those mag- 
nificent jets d'eaux, which, from internal fires, 
receive their surprising impulse in Iceland? All 
these facts manifest the general dissemination 
of the principle of fire; and though they do not 
entirely go to the central fire of the philoso- 
phers, they yet establish a heat independent of 
W E or as my er en motion. 3; 


ELL 


And this 50 we may 50 e to tic con- 
centrated or fixed, or phlogiston ; for why should | 


| we not have fixed fire and fluid fire, as well as 


fixed air and fluid air, fixed water and fluid 


water? © Thus,” remarks Franklin, „I have | 
| been always inclined to think that the fluid fire; 


as well as the fluid air, in the instance of plants, | 
is attracted in their growth, and becomes conso- 
lidated with the other materials of which they 
are formed, and makes a great part of their sub- 
Stance ; that when they come to be digested, 
and suffer in the vessels a kind of fermentation, 
part of the fire, as well as part of the air, re- 
covers its fluid active state, and diffuses itself 


the 


— — 


U 


; 186 LETTER IV: 


BY. the fire, 0 reproduced. by 2 sepam · 
= Gam codetieinlty levbing; the hedge A. 
| ener quantities arising from the con- | 
tinual ee that whatever | quickens, the | 
: KY er eee eee. che fire, u 
exercise; that all the fire emitted by wood and 
other combustibles when burning, existed in 
them before in a solid state, being only discovered_ 
when separating; that some fossils, as sulphur, 
sea - coals, &c. contain a great deal of solid fire, 
and that, in short, what escapes. and is dissipated 
in the burning of bodies, besides water and earth, 
is generally the air and fire that before made 
parts of the solid; and this theory has been 
cri all chymists. Indeed,” as Dr. Black 
„if we can believe our senses, we 
must man that heat and light Mb from 
the evolution of ne 


Again, look e at the properties 1 operation 
of electricity. Electric fire acts upon b es 
. in the same manner that common fire does ; it ; 
sets fire to combustible bodies, dissolves iron, 
and calcines it; it increases the bulk of alkaline 
air, and makes it inflammable. All these effects 
are peculiar to fire; but they are much stronget 


than those of any fire which art can produce 
1 Uedri 
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cutie nme 
will mel it, though irs page is 30 wonderfully 
quick, as to be performed in an instant of time 


too short to be measured. Now, we are certain, 
its power to melt the iron at once, must be 


from its fire; and no fire that we can produce, | 


will have the same effect upon the iron, till after 
a very tedious operation. Heat only melts me- 
tals; the electric fire dissolves them by only one 
discharge of the battery. What is this? Is it 
sometimes calls the principle of alkalinity, and 


sometimes the · principle of acidity ? It is imma- _ 


terial to say which. Alkaline salts, oils, acids, 


and other phlogistic bodies, when decompound-. 


ed, give out considerable quantities of fixed fire. 
Acids, as I have already remarked, are the sub- 


ances best fitted to concentrate it; in like 


manner, as the vegetable acid, or fixed air, water 

and earth, are employed in wood, bitumens, &c. 
and the mineral acids, in sulphur, nitre, &c. 
All bodies, which contain a great proportion of 
fixed fire, are formed of acids, water, and earth : 


and hence, the reason why both phlogisticated 85 | 


and dephlogisticated airs contain an acid.“ 


From 
Dr. Harrington. 
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1 From the whole then that we bans) us col 
lected of the researches of men into the)prinei. | 
8 ples of the element of fire, we may fairly lo 
5 vpon natural bodies, “ as floating in an oceanof : 
wut the poet properly terms cxpaiſoy wg in | 

deſatiguble fire; and that the bodies sustained 

in it, are hard and soft, fluid or solid, lat or 
firm, rare or dense, expanded or contracted, ac. 
cording to those changes in the temperature af 
this element which keep up a constant Hulk 
and diastole through the whole frame of nature, 
And hence we may see the reason why Lactan 
tius, among other arguments to shew the s $U- 
periority of man in the creation, and the im- 
mortality of his nature, says, That of all the 
creatures known to us, nau is the only one; 
who has the use and command of the element 
of fire. With that heavenly substance he ig 
made familiar, without which there is neither 
light nor life ; while the most powerful and fero- 
cious beasts are alarmed by it, and fly from it. 

To man,” says he, “ is thus entrusted a power, 

the most similar to the power of God himself, 

who has the direction of all the elements. How 

dreadful had it been, had the brute creation been 

gifted with the same glorious privilege! If 
* Jones's Philosophy of the Elements. 
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his had been the use of fire, whine TRY is not 


the use of reason! When the ancient philosophers 


| contemplated this wonderful privilege of man, 


his enjoying the use and the dominion of the 
element of fire, that TIel]exe. apo pehas, 
the brightness of fire, the universal artificer ! is 
Eschylus expresses it, the likeness of God him 
self! they persuaded themselves, as it was a 
privilege too great for him in the beginning, 


that it must have been originally stolen from 


heaven; and that this very theft was the crime 


which brought all manner of evil u _ the 
| world ! 
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|NEXT, if not equal in rank to fire, come | 
the element of air; an element of which AVarice 
cannot deprive us, and which power cane 
monopolize. * The treasures of the earth, the 
verdure of the fields, and even the refreshment 
of the stream, are too often seen almost entirely 
appropriated to the luxuries of the great j v 
the less fortunate part of mankind stand hum 
ble spectators of their encroachments. But the 
air, no limitation can bound, nor any land- 
marks restrain. In this benign element, all 
mankind have to boast of an equal possession; 
and for this we have all equal obligations to 
heaven. While we live, we consume a part df 
this element for our sustenance ; and when u 
die, our perishing bodies render back the sup- 
ply, which, during life, we had ee 
from the en mass. 
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Air, in 1 is a light, Quid, trans · 
parent substance, surrounding the earth to 3 
very considerable height. The word ,in Greek 

is ang. The ancients understood the nature of 


* Animated Nature. i 
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being combined and differently a „pro- 
tempests, and other effects, which daily fall un- 
although they have not transmitted us any experi- 

ed a fluid, though it differs from the general na- 
compressible, a property unknown to any other 
being fixed 'by any known merhod, as all other 


every part, decreasing from the earth's surface 


ui generis, if it be properly any fluid at all. In 


,. oe bo OT 


"= iner part of the atmosphere, and the latter the 
inferior and grosser part. Of the internal struc- 

> ture, however, of this element, it is more than 
reek probable u we shall never attain the . 5 


, Rocher Sur TOrigine des Decouvertes attri- 
buces aux Ore, | | 


this element. * They looked upon it as 4 ge* | 
neral nenstruum containing the volatile parts of 1 
all the bodies and substances i en Which 
duced that variety of ieee meteors, 
der our observation. They knew also its weight, 
ments on that head. The air is generally esteem- 
ture of fluids, in these particulars: 1. In being 
fluid. 2. In being uncongealable, or incapable of | 
fluids may 3. In being of a different density in 


upwards ; whereas other fluids are of an uniform 7 : 
density throughout. The air is therefore a mud 


the heathen mythology, it was worshipped by 


some sectaries, under the names of Jupiter and 
Juno ; the former representing the superior and 
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Iris too subtile, too tenuous a Subttant ff w | 
perceptible to us with all the e of the 


finest glasses. But its properties are well ascer- 


| rained; and the most essential e 
ways and ROI PO ©) A 180 r 


i . 
5 . > 25 


Prem 15 ee de into 2 natute of 
this imperceptible, but most powerful agent, it 
has appeared, not only that it is a constituent 
ingredient i in animal and vegetable life, but that 


it is essentially requisite in every stage of both 


one and the other. Nay more, besides animal 
and vegetable life, it has been found, that it is no 


less indispensably necessary to the existence of 


sound, of fire, and of explosion. For example, 
as in an exhausted receiver an animal cannot 


live, so neither can a bell be heard, an inflamma- 
ble body be kept burning, nor gun- powder be 


exploded, though made to fall on iron which 


shall be red hot. And in proof, with regard 


to the first of these instances; if the air be-ex- | 
tracted that is in the body of an animal, the ani- 


mal is squeezed flat by the pressure of the ex- 


ternal air, and expires in an instant. On the 

other hand, if the circumambient air be er- 
hausted, the internal air dilates itself to such 2 
degree, that the animal will swell till it bursts. 


The weight of the air is equal to thirty-two fect f 
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water, —_ a foot weighing about Seventy 
pounds; so that a column of air, a foot in dia» 
meter, weighs about 22, ooo pounds weight. 
Yet, as it acts with equal force on either side, 
neither animal nor plant is injured by it. Thus, 
place a flat surfaced bottle empty on its side, 
and the elasticity of the air within it will pre- 
vent the weight of the atmosphere from break- 
ing it: exhaust, however, the air, and the 
force of the external air on its Surface will 
make 1t 5 into a eee e | 


This Wüste *: air arises Ben the 1 | 
not joining so intimately as the particles of other 
fluids. A particle of fire being repulsive, forms 
a center to every certain number of particles of 
air, and so keeps them in a state of separation. 
And hence too the reason why air can be 80 
greatly compressed. In regard to weight, the 


though not equal to its elasticity, or to its repul- 
sire force. Were the power of gravity to be for 
a moment suspended from matter, and the power 
of elasticity to remain, the atmosphere would in- 
stantly be dissipated through the regions of 
pace.“ The particles of air at the highest 
vor. I, N i | elevation, | 
Martin's Philosophy. 


power of gravity in air is very considerable, 
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ee are the least affected by the! 8 
gravity, are the least heavy, and are those which 
are kept at the greatest distance from each other. 
Close to the surface of the earth, the reverse is - 


the case, and thence density and rarity. I 
weight and the elastic force being always hom 


an universa] SET is e 5 


| _ mosphere. 


The agency wt the air of nate Tea h 


| in the first instance the vehicle of all kinds of 


odours, by the transportation of which we are 
acquainted with the good or with the bad 
qualities of food, and of innumerable othet 


things. It is equally faithful and dil diligent in 


conveying to us knowledge, through the mini 
tration of sounds, at the rate of 1142 feet per 


second, which may be looked upon as 30 many 


couriers, who run backwards and. forwards to 
bring us news of transactions which occur ata 


considerable distance. It is ikewise the chan · 
nel of light, which is not one of its least phæno- 


mena; a substance possessing a surface sufficient 
to reflect the light, and yet not dense enough to 
be obvious to sight. And happy for us it is | 


1882795 ben * of the air, we should 


never 
| S Ng 55 


156 
never have any ons view of any other ob⸗ 
wy It would indeed be a misfortune to us of 
the most serious kind; The exhalations of the 
earth would then be discovered ; the Teadt 
smoke would disfigure the rich landscape of rhe 
universe; we Should discer all those gross hu-- 
mours, which an ineessant perspiration drives 
from the bodies of all animals; and all the filtn 
that arises from vile receptacles. Lite, in short, 
would be disagreeable and irksome: we should 
be miserable, and should fly from the annoyances 
which would be the neee err ow 1 r. 
a at 15 


T Y * : . 
% 8 7 > . p FAY we. * F * 7 4 <3 


But if our FEE ths i er Auer e 
al, for the advantages we particularly derive 
from the element of air; are thus great, War 
hould not our gratitude to him be, when we = 
further contemplate its vivifying energy through = 
the other parts of the creation? The universe 
abounds with an infinite variety of living crevs * 
tures. Some are inhabitants of the air, others 
range round the fields, or cfawl upon the ground. 
Thousands reside in the utmost retesbes of the 
thickest woods, in the hearts of leaves, and 
under the bark of trees; some in the chinks and 
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crevices of walls, and others in the most 8 
caverns. The very bowels of the earth are hel- 
lowed, and filled with inhabitants. All these 
animals, how different soever from each other, 
with respect to their nature and way of life; en- 
joy the same benefits in common. They all « 
them pane and breathe the same fuig, * 


The ubje&t of air, ck we are 8 hb to 
| consider, like that of every other branch of true 
Philosophy, though known to the ancients, and 
in some degree investigated by our forefathers, 
by Friar Bacon in particular, may yet very fairly 
be supposed to date its origin from the be- 
ginning of the last century. Drebbel, by the 

invention of the thermometer, and Toricelli, by 
that of the barometer, undoubtedly gare it 
birth.“ As a science, it must be confessed to 
be of the greatest importance. Our very men- 
tal powers are affected by it. We are gay or 
$ad, according as the heavens are cloudy and 
serene. Is the air thick and disturbed, we 
feel a sadness at the heart, which vanishes u 
oon as it is restored to its wonted Serenity. 


And hence ir has with To been remark 


* 


. Kirwan. | . 
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that the improvements that atmospheric air, 


and the other permanently elastie fluids, have 
received, have been of more advantage to man- 
kind, and have reflected more honour upon the 


ee who have made them, than those 
of any other branch of natural d philotophy What- 
soever. | 
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As the part most raniiiar to as, let us N tum 


our consideration to that most stupendous body 


ol air, the atmosphere. The atmosphere which 
every where surrounds our globe, consists of 2 
pellucid, elastic, and apparently homogeneous 


fluid, which we denote by the name of common, 


or atmospheric air.“ When more closely ex- 
amined, it is found to contain, besides vapoum, 
which vary wonderfully, according to the diver- 


sity of situations and winds, three fluids mixed 


together, and widely differing in their nature, 
The largest part, which certainly exceeds the 
others three times or more in bulk, is neither 
fit for supporting fire, nor for respiration; it 
probably derives its origin from the vital part, 
in consequence of some changes not yet perfectly 


known, perhaps proceeding from the addition 


or subtraction of phlogiston, and may therefore 
be called corrupted air. The next is that which is 


called dephlogisticated, but which Bergman, with 
the historian of the French Academy, thinks 


Should be distinguished by the appellation of | 


vital, 


« E 


Bergman. 
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vital, and which differs widely from the preced- 


ing, being not only fit, but indispensably neces- 


| $ary to fire and respiration, every other air being 
mephitic. The third is the aerial acid or fixed 
air, which forms the smallest part of the atmo- 
sphere, scarcely even amounting to one six- 
teenth, Nor does the vital, indeed, ever 


amount to full one-fourth of the atmosphere. 


Doctor Priestley, to whom the science of ait 


is much indebted, says, The air of the atmo- _ 
sphere is a fluid, consisting of an earth and a spĩ _ 

rit of nitre, which has weight, but is elastic; 
that is, that it is compressible and dilatable : that 


it is a compound, a dephlogisticated air, in a 
state of deprivation: that acid air, and phlo ; 


giston, seem to be the only essential princi- 


ples of common air: that it is probable also, 
when we consider the prodigious quantities of 
infammable air, produced by the burning of 


small pieces of wood and pit - coal, that the 
volcanos, with which there are evident proofs 
that almost the whole surface of the earth has 
been overspread, may have been the origin of out 


atmosphere, as well as (according to the opinion 
of some) of all solid land: and that the seas, 
which it is probable to suppose, originally cover- 


ed at earth, imbibed the 1 phlogis- 
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minated a Simple elementary substance, indestruc · 
tible and unalterable, at least as much 60 


water is supposed to be, is yet far from being 
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ton, or the acid vapour, exhaled "en the” ”_ 
might have united with it, and hence the atmo. · 
sphere. But however this may be,“ S 
Priestley, „the air, though it has been deno- 


. | 


an unalterable thing; for the phlogiston, With 
which it becomes loaded from bodies burning, 


and animals breathing 1 in it, 80 far alters and de- 
praves it, as often to render it altogether unt 
for the purposes to which it is subservient. 


The atmosphere, in short, in the words of 
a learned prelate, * may be looked upon not 


only as the general receptacle of the aqueous 


vapours of the sea and rivers, but likewise of all 
mineral exhalations; of the streams which are 
constantly arising from the perspiration of what- · 
ever enjoys animal or vegetable life, and from _ 
the instantaneous putrescency of those substances 
when deprived of life; of the smaller seeds of 
terrestrial and aquatic plants; of the eggs of an 
infinity of species of imperceptible animalcules; 


from all sorts of fuel; of the matter of light; 


of electric effluvias; and * a variety of other 


os”; substances, 
„Bishop Watson. | 
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whstances,. which are e va ed, ad 1 time 


kept suspended by natural and accidental causes. 


And from these sources are derived those various 
impurities, which haye been discovered in * 
wn, water. ee e Yen; i: 


Such then we may; doppoe to ee ene 7 


parts of the atmosphere. But, a question na- 


turally occurs Is the whole of the immense 
fluid, which thus surrounds us, of the same ma- 
terials, or do the strata differ? And supposing 
them to have distinct properties To what height 
may we conceive the atmosphere to extend ? 
Here, indeed, are points which have much en- 
gaged the attention of philosophers. © The first 


stratum, (for we must admit of strata, says 


the celebrated French naturalist &) of the at- 
mosphere is filled with vapours exhaled from 
the surface of the globe, both by its own 
heat, and by that of the sun. This extends to 
the height of the clouds, where they are con- 
densed and suspended in the form of clouds. 
Beyond this middle region, the vapours rise, 
but cease to be visible, except when a part of 
the cold stratum seems to be pushed back to- 
wards the surface of the earth, and when the 
heat escaping from che earth, being for some * 
>": 
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time ee by the rains, verve | 
collect and thick#n around us, in the form o 
mist and frost. The clouds are fixed in an 
equipoise, which they cannot surmount. lu 
summer they are higher than in winter, au 
still higher in warmer climates. In regard to 
the height of the atmosphere, it was long thought | 
to be not above 15 or 20 leagues. In 1676, it 
was in different countries computed by different 
observations of a large meteor, that the elevation 
of the meteor was at least fifteen leagues, But 
this elevation is not to be supposed the ultimate 
stratum of the atmosphere. A famous auros 
borealis was observed in 1726, and calculared to 
be considerably higher than this meteor from the 
surface of the earth; and the aurora borealis, 
we know, is generated in the atmosphere. But 
the real height of the atmosphere is a problen 
that never can be resolved. To infinity it may 
extend itself, at least it may expand till the at 
mosphere of every body in each system, and of 
all the systems in the universe meet with each 
other, and mixing, constitute that fine 4 ther! 
medium, winch hs the abyss of n 5 


Fo circumstances incline me to believe,” 
15 e « that after the many useful and 
Curious 


1 N the Elements. 


a 


I = = = = ©. fs © & a & _ 
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The one is, the violent force of the wind on the 


top of Ætna, above. the regions of the clouds, 


| when the air, by the barometer, seems to have 


lost one-third part of its density. The other is, 


height of sixty or seventy miles and upwards in 


in great abundance, which must be derived from 
the earth, as the pure matter of the heavens 
cannot be supposed to furnish it out of itself. 


burns with a vivid light, though the matter of 


the air as its vehicle, or the vibrations of some 
an account of a meteor seen all over England, 
serenty miles high, as bright as the sun; and 
broadside of cannon, was heard all over Devon - 


© ties, 
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curious discoveries which have been made, the 
atmosphere is yet but imperfectiy understood. 


the sounding of explosive meteors from the 
che air. In this region, where, by calculation, the 5 


zit is much rarer than the best vacuum in 
an air- pump, combustible matter is collected 


ln this region, inflammable matter explodes and 
lightning is dissipated in a vacuum, and what is 
more surprising, is thence transmitted to 
| the earth; which, as experiment shews, cannot 
be communicated without the intervention of 
continuous solid body. Doctor Halley gives 
which, by a calculation sufficiently accurate, was 


the explosion of it, which was as loud as a 


Shire, Cornwall, and the neighbouring coun- | 
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ties, and Shook the houses, as if grat guns 
| been fired near at hand. e 

Here then we have k axteriainab hls 
demonstration, that at the great height of seventy 


miles, the atmosphere possesses properties in 


every respect correspondent with those of the 
stratum floating immediately over the surface of 
the earth. But yet the indisputable and pro- 
gressive rarity of air in the ratio of elevation, 


renders this matter very difficult of compt- 
hension. The density and weight of air are 


every where variable, being greatest at the zur. 
face of the earth, and decreasing gradually 
upwards; therefore, though the air near the 
earth be heavier than vapour (though vapour . 
be visible) „yet as its gravity decreases, it will 
at length become lighter in its upper parts; 
and, in one particular region between, it will be 
equally heavy with the vapours themselves; 
whence it must follow, that rhe vapours wil 
rise from the surface of the earth to this part of 
the atmosphere; and since all the air above is 
lighter, they cannot possibly rise higher. Buffon, | 
indeed, makes an attempt to unravel this my. 
tery, and at the same time to account for ex- 
plosions in general in the elevated regions of the 
atmosphere. As cold,” says he, “ condenses a5 
| | much 


"n, 
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much as heat rarefies the air and, as in pn ortion 
to the elevation, the cold increases, does it not 
follow, that the degrees of condensation of the 
air correspond to the degrees of coldꝰ Hence 
chis condensation of the air by cold, in high 
regions of the atmosphere, should compensate 
the diminution of density produced by a decrease 
of the incumbent. weight; and of course the air 
should be equally dense on the cold summits of 
mountains as in the plains. The air,” conti- 
nues he, though compressible, appears to be 


| equally dense ar all heights;/ and 1 cannot hein 


believing, that the atmosphere , extends not so 
high as has, been supposed. The total thickness 
of it, for instance, may not exceed three leagues, 
instead of from fifteen to twenty, as has been 


conjectured. The winds on mountains are found 


25 strong as those on plains; whereas, on the 
old hypothesis, they should be otherwise, Birds 
and men respire as freely at a great height as on 


the surface; bur if the air were one-third less 


dense, this respiration should not only be injured 
but stopped, as happens to animals in air: pumps, 
when one-fourth, or one-third: of the air oon. 


tained 1 in "a receiyer is e | extern” en 


2 


W chin may. "Th aha ws n will recollect 
what De Saussure has aid on the subject, the 
ee 2 . 


ee — bey, the mn 


s such, that no cold can destrey it, Its natural 
state seems to be that of rest, which it always | 


endeavours to keep, or recover, by an univeral 

equilibrium of its parts: When, therefore, this 
natural equilibrium happens by any means to be 
disturbed, then necessarily follows à motion of 
all the circumjacent air towards that part, to re- 
store it; and this motion of the air is what we 
call ind. The most general causes of wind 
are, beat, which by rarefying the air, makes 'it 
| lighter in some places than it is in others; and 
cold, which by condensing it, makes it heavier, 
The true cause of the winds, however, is not 
yet thoroughly ascertained. As distinguished 
at present, they are divided into three grand 
classes. 1. The common, inconstant, or variable 
winds. 2. The whirlwinds, tempests, and hur- 
ricanes. And 3. The constant or stated wind 


usually called the trade wind; WER invoke _ | 


* the wy ths” monsoon. 


| 975 The winds” avs Buffon, «« N 1 Gt | 


into Zones. The east wind, which extends 25 of 


30 degrees on each side the equator, exerts its | 


force round the globe within the torrid zone. The 
polar wind blows with 3 constancy in both 
the dated zones. The vines Pale or. 


, 5 am oo - 


rr m., 05 


temperate zones may be considered only as eur- 

rents of air, produced by the combination of the 

two principal winds, which give rise to all those 

that come from the eastern points ; and the wee 
winds, which are common in the — pa , 
both in the Atlantic ah Pacific Oceans, may be 
considered as refle&ions from the continents of 
Asia and America, but deriving their origin wow 
8 nm east and b. _ wits 


The reasons 8 Pap this ———_ . : 
are these: as the earth revolves on its axis from 
west to east, the middle part of the earth, and 
consequently its atmosphere, becomes very 


„ 


wt nuch heated by the sun; by which means it 

il becomes more rareſied than other parts remote 

nd from the equator or torrid zone; on this account 
ble it becomes also lighter. The air, therefore, 
ur. tom the polar parts on either side being heavier, 
ind continually sets in towards the equator, to restore 


the equilibrium of the atmosphere, which con- 
cantly alters by: the refraction of the sun. Thus 
there would be a motion produced in the atmo» 
phere from north to south towards the middle 
5 oers of the earth, which would make to us à 
515 eunstant north wind, and to the people on che 
ther side of the equator a constant south wind, 
r there were nothing else intervening, But the 
4 4 parts 


in the air is constantly shifting towards * 
west; the western and eastern air, on both sides, 

flows towards this point; but as that on the west 
meets it, and that on the east follows. it, the 
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2 western air; and so there would be a congtant 
east wind produced in parts under, and hear the 
- equator, if the body of the atmosphere were to 


a motion results thence between both, and con- 
in the southern hemisphere. And these extend 


| _— 30 * on each side 55 te es" 


monsoon is this: The sun, during its pasage 


parts of the atmosphere most, which. is stil furs 
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of the b r the „ 
| ger tne od rarefied, and as the earth 


turns eastward, the point of greatest rarek 


motion of the western air is lessened, and that 
of the eastern air increased; and therefore that a 
the eastern air prevails against the motion of the 


be affected in no other direction; but since the 
several parts thereof are urged in νοi dire tion 


sequently a north- east wind is produced on the 
north side of the equator; and a $oxth-east wind 


þ 


The direction of 15 MONSOONS 4 ogetbe 


erer it is in some respects, the same as: ; that 
of the general trade winds. The cause of the 


through the northern signs, rarefies the northem 


* Martin's Philosophy. 
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i 4 by che dener of the ola 


rays from the sandy desarts of 4 Arab 
come into Pn — as 
rection. But when the sun enters 
zigns, it carries the point of greater, rat fi 
on the other side of the equator; occa: ioning a A 


contrary current of air. In accounting for the 
| mons00ns, however, it is necessary to mark the 
peculiar circumstances which obtain in the Judian 
Ocean, and which are not found in the Atlantie | 
or Pacific Oceans. They seem to be these: 


That the Indian Ocean is b d to ſthe north- 


ward by shores whose latitude does not exceed | 


and that 
the general trade winds fall on what mariners 


the limits of the general trade wind 


call lee Shores to the westward. The sun being 


twice in the year vertical in the equator, and 
never departing thence more than 23 degrees, 55 
causes the air in that climate to be hotter than at 
any other place on the ocean. Such a rarefied space 


must extend across the Indian ocean, and produce 
8. E. wind to the southward, and a N. E. 


ind to the northward of the equator, over which, 
in the upper regions of the air, the winds return. 
in the contrary direction. This we accordingiy 


xe happen in the months of October, oven 
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ber, December, January, February; _ March. 
But, when the sun declines to the northward, add 
heats the lands there, the air contiguous to tho: 
lands becomes rarefied, een, air has a 
dency to move that way. This tendeney 
nereases, as the sun «drances A 
$0 that the whole body of the lower air to the 
northward of the equator moves towards the 


northern lands, notwithstanding the equatorial 


rarefaction. If the rarefaction on the surface of the 
northern land be greater than that at the equato 
the wind blows to the north, and the contrary 
nw when the equatorial rarefaction is great. 

t. Thus then it is, that the existence of land, 


| wa the situation of that land for reflecting the 


rays of the sun, causes the monsoons. Were 
there other lands, on other parts of the globe 
and those as well situated for the reflection af 


the solar heat, monsoons would not be peculiar 
to the east. In their commencement, to use i 


seaman's expression, they are always e at 
first to creep along shore; they then spread 
the ocean. At first they are feeble, they altet- 
wards become vigorous ; they then 3 
diminish, and finally come to a change, and 
this twice in the yr ws. to ET 
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Tbese, or some such like, n che 
causes of the winds that prevail in the Indian 
ocean. But the observations we are in posses- 


purpose of forming a theory. On the same prin- 
| ciples it will not be difficult to account for the 

land and bea — in warm regions. For, be- 
cauze the land is in the day time, the wind 
must blow in rauen os supply the place of the 
ascending rarefied air: and in the night, the land 
cools and condenses the air, oceasioning the land 
breeze. For instance, the surface of the earth is 
more suddenly heated by the rays of the sun 
than that of the sea, from its greater density and 
tate of rest; consequently, it reflects those rays 
sooner, and with more power; but, owing also 
to its density, the heat is more superficial than 
that imbibed by the sea, which gets more inti- 
mately warmed by its transparency, and by its 
motion continually presents a fresh surface to 
the sun. Consequently the land breezes are 
of greater continuance than the sea. Islands, 
from the reflected rays of the sun, often appear 
as with a glory round their heads. And hence 
in hort it is, | that air incumbent on seas, or 
large tracts of we. is ay "_ 


, Nick olson* ; ys + Marsden's Sumatra, 


sion of, are too fe and too inaccurate for the 
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air incumbent on land; because land 9 
usceptible of both heat and cold than water, 
and in general participates of the temperature 


Land takes eight or ten degrees more heit 
than the sea in summer; and is eight or ten 
degrees colder in winter in the same latitude, 
And hence the cause of those low mists which 
are so often seen hovering above the gurlace 


watrds the dt summer: for as the waters 

_ retain their heat longer than the earth after 
the sun withdraws, the moisture which was 
raised during the heat of the day to a smul 


down in copious dews; whereas that which is | 
above the surface of the waters is more 


element retains longer, and hovers at a smal 


although from the length of the day, and shon | 
ness of the night, the difference between the heat 
of these is far less than in warmer climates. . . 
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wirulvr 40 winter, and cooler in summer 


of the subtance with which it is in contact, 


of rivers and other waters in the evenings, to- 


distance from the earth's surface, is quickly 
condensed by the cold of the evening, and fall 


Slowly 
condensed, by reason of the heat, which that | 


distance above it in the form of a dense vapour, | 
which slowly subsides as it loses its heat. Even 
in our own climate, the land and sea breezes are 
often sensibly felt during the summet season; 


From 


FRO . : 
d 1 py 
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Fromwhat we _ as seen 1 the equatorial 
and other regular winds, the 1 transition to As 
opposite kinds may be thought of no very great 
difficulty. And the fact is, chere is voi 
any thing more- readily to be accounted for. I 
hall not at present, however, trouble vou with 
the enumeration of each of the particular causes. 
But, as far as the sun is concerned, the variety 
of winds, to which the northern. and southern 
parts of the world are subjected, may be conceiv= 
ed to be occasioned by the comparatively small 
degree of influence the sun has in those parts, 
and the consequent situation of the air, which 
being undetermined as to any particular point, 18 
| continually shifting from place to place, to fill 
up the equilibrium, which, may have been de- 
stroyed by the influence of the sun in other 
quarters, the rising of vapours and exhalations, 
the melting of snows upon the tops of .moun- 
tains, and other circumstances. The variations 
in wind, indeed, are at all times occasioned by 
the elasticity of the air, which, in whatever man- 
ner compressed, is forced to a re- action. But, 
besides the fluctuations occasioned by condensa- 
tions, and by dilatations, by fermentations on 
the surface of the earth, and by fermentations 
in the clouds, there are still also powerful colla- 
een operations always going forward in the 
"rom Wl 903 | bowels | 
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: bowels of the n This may appear N N 
But, is not the approach of a storm often geen 
to be predicted by the actions of animals) They 
feel at the surface, that the electric fluid; or some 
other vapour, is rapidly rushing to more elerat· 
ed regions, thereby disturbing the equilibrium 

and leaving the other constituent parts of the 
 atmosphere in perturbated dissonance and con- 
fusion. Is not this electric or other discharge 
also observed to be in certain countries near} 

| periodical ? In the east and in the west, after a 

certain lapse of time, a sufficiency of matter is 
seen to have accumulated. Tempests code 
quently burst forth. The period of tranquility 
again is to be guessed at, if not calculated. But, 
how often do we see the sea to be agitated, 
without any external appearance of change in 
the atmosphere? Musschenbroek, therefore, 
was probably not far from the truth, when he 
supposed, that one year with another, and inthe 
same place, in insular situations an SEA ca 

In particular, the same quantity, and the same 
direction of wind, though e ae! ann 

ally produced. 


This dominion of the winds would 
be confined to the sea, but it is not 30.“ Wind 
| | | ö 777 ST TOP 
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 resistible fury. T en excite e com- 


motions. They not only raise mountains of 

sand in Arabia and Africa, and overwhelm large 
plains, but they carry sands into the sea, and 
form banks, and even islands. It has even been | 
observed, that no cloudy and moonles . 
which is very windy, is dark; as if the wind d by 

its motion always raised a light in some degree, 


through the agitation of the elements, and the 


collision of the particles that are floating in the 
air. Hurricanes are the scourge of the Antilles, 
of Madagascar, and other countries. They 
SWEeP away trees, plants, cattle, and the Soil that | 


nourished them. They drive back, they. anni- 


hilate rivers, and produce new ones. They | 
overthrow rocks and mountains. They Scoop - 
out holes and gulfs in the earth, and totally 
change the face of those unhappy countries 
which give them birth. The heat of the sun, 


| as we have observed, is the most powerful cause 


of these winds ; but the force of the sun's attrac- 
tion upon the atmosphere, and even that Which 
is supposed of the moon (which, however, Iam 
much inclined to deny, for has the moon ever 
been observed to have an influence on the trade 
winds ?) are inconsiderable, when compared with 
the effects of hurricanes, For though the air 1s 

O4 elastic, 
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elartic 00 bes times gie, than 
. produced by attraction cannot excel 

what is excited in the waters of the ocean by 
the same causes; for the action of gravity being 

Proportioned to the quantity of matter, it mus 
elevate a sea of water, of air, or of quicksilvet, 
nearly to the same height. This has been proved 
by D' Alembert. This part of our subject, hoy: | 
ever, will more particularly Engage © our attention 
at a future moment. W when 1 
e kane bee | i we have already traced it, 
cannot be the same at all heights, although the 
phænomena which we have taken notice of, 
are most difficult to be accounted for. Diffe 
rent kinds of aeriform fluids, immiscible with 
each other, or only susceptible of mixing to 
certain degree, must enter into its composition, 
and occupy the place in which their specific g 
vity will naturally fix them. Thus, by the | 
Barometer we readily ascertain, that the higher ve 
ascend from the surface of the earth, the ligbter 
becomes the air, for the quicksilver descends in 
proportion, the tenth part of an inch for every | 
ninety feet. Not that in every respect, the 
| barometer is implicitly to be relied upon, for:? 
superior stratum of the atmosphere will fal 
- U when a cold wi” in the upper 


regions 


KS a. a 4 
>. oF - 


regions paced over a country; hat ower strata 1 
of whose atmosphere are specifically ner. 

hence a low state of the barometer (even on the = 
surface) will precede such extraordinary cold. 
And it is from this reason probably also, that 
Holland often experiences à degree of cold 
greater than countries placed under higher lati- 
tudes; for Holland being a very moist country, 
its atmosphere abounds more in vapours, which 
render it specifically lighter. Thus, during the 
great cold of January 1783, the barometer was 
lower than it was known to be for fifty years be- 
fore during that month; and Muschenbroek re- 
marked, that in winter, when the e in 
the barometer en Fw _ med 0 


5 Bur, it is not ee Me actin purpose, 
whether the descent of the quicksilver be occa- 
sioned by the decreasing density of the atmo- 
sphere, or by the cold which results from a dia- 
phanous medium. The point seems to be irre- 
fragably established, that the atmosphere cannot, 
with more propriety, be considered of the same 
consistency in all its parts, than the vulgarly re · 
ceired opinion, which supposes it heavier on a 
cloudy, lowering day, than on a fine, serene, 
transparent one. As the density of the air, there - 

| 5 ; | 8 a fore, | 


* Kirwan, 


ie ere W . 


fore, is ä cnet it is 
> natural to conclude, that there the wind must be 
most violent; and this conclusion, & I appre- 5 
hend, is just, when the sky is serene; but, 
when it is charged with clouds, the action of the 
wind will be most violent at the height of 
clouds, which are denser than the air, as they fall | 
in the form of hail or rain. In general, indeed, 
the winds are more violent, in proportion to the 
elevation of the ground, till they, Leue at the 
ordinary station of the clouds; and beyond this 
the sky is generally serene, especially in 0 mmer, 
and the wind gradually diminishes: it is even 
said to be altogether imperceptible on the tops 
of the highest mountains. But, of the common 
power of winds, that which is reflected is the most 
violent, and that in proportion to the vicinity 
of the object by which it is reflected; and the 
reason is evident. The air in a direct wind acts 
only by its own celerity and its common volume; but 
this volume, or mass, is considerably augment 
by the compression it receives from the ed 
by which it is reflected; and as the quantity of 
every motion consists of the celerity multiplied 
by the volume, this quantity is much greater 
after being compressed than before, It is a vo- 
lume of common air which acts in tlie first * 
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and a dre of i of double or rel a 
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The e eee 8 of the id 
in the strata of the atmosphere, nearest the sur- 
face of the earth, is during spring and autumn, 
and not in winter and summer. For this fact 
several reasor S May be assigned. 1. In spring 
and autumn the tides are highest, and conse- 
quently the winds they excite are most violent. 
2. The motion produced in the atmosphere, by 
| the action of the sun and moon, must likewise 
be greatest about the equinoxes. 3d. The melt · 
ing of the snows in spring, and the condensa- 
tion of the vapours which are exhaled in um- 
mer by the sun, and which fall down in autumn 
in the form of rain, produce, or at least augment 
the force of the winds. 4. The transition from 
heat to cold, or from cold to heat, must create 
considerable augmentation and diminution in the 
volume of the air, which alone is sufficient to 
raise great winds. And these reasons receive ad- 
ditional support from a fact closely analogous, 
namely, that the coldest weather, in all northern 
climates, generally prevails about the middle of 
January, and the warmest in July; though, astro- 
nomically speaking, the greatest cold should be 
felt at the latter end of December, and the great- 
| 7 
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1 0 bie We we hn already: ee | 
ed, there are a variety of other causes, which, : 
when variously combined, are adequate to consi- 

derable effects in the atmosphere. Of all winds, 
however, none ever puzzled ancient- Philosophers 
more than the east wird which predoininates in Eu- 


rope. The cause they conceived to be the diurnal 


motion of the earth, not recollecting that no fluid, | 
which surrounds the earth, can be affected hy its 


rotation; that the air must move along with the 
earth itself; and that the rotatory 5 motion 4 


equally imperceptible in the atmosphere as on 
the surface of the earth. The true cause is, that 
Siberia being the most elevated land of the od 
continent“ (Mexico of the new, being 3491 feet 


above the level of the Pacific, and Quito, 9249) 


that is, being from 2g00 to 3000. feet above th 9— 
level of the ocean, the north - east winds —_— | 
ing from this country to Russia, Poland, Ger- 
many, England, and France, must be coldet in 


proportion to the latitude, than those that blow 


on Sweden or Scotland; and colder than the more 
northerly winds that come to us over a large tract 


of 
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of a. Now, Siberia is at least 2800 miles to 
the east of London: yet, notwithstanding, it is 
thence the wind is derived to us; for, according 
to the computation of one of the most accurate 
philosophers of the present age, (Mr. Smeaton) 
a common high wind travels at the rate of thirty- 
five miles an hour; so that three days only are 


required for its journey from Siberia. A balloon, 8 


indeed, has been estimated to have gone 120 miles 
in two hours; and an extraordinary gust of wind 
in England, in 1703, was calculated to have had 
a velocity of fifty miles in the hour. * Its general 
current, however, in a storm, may be e 
from N to ee mile an hour e e 


wes 


Thus we ee e n : as | 1 mne 
ways, not only salubrious but most beneficial to 
man. Their continual vicissitudes give a turn 
to the dispositions and productions of nature; 
they correct those ill consequences which would 
unavoidably flow from a too tedious inaCtivity 
and state of rest; and, in short, invigorate and 
purify the air, by keeping it in perpetual motion. 
Without them, our habitations would become 
umholesome, and Geneva, or London, would 
in a short time be as nauseous as a common 
Wer: in en nature an ene and die 


. 5 ws away. 
* Der ham, 


fire, unless it be exposed to $0. 


considered, in in purcst crate, 68. a commixture 
of an acid and water, and — _ | 
| giston, so may it be stiled the prinei | 
in combustion. For a combustible body, as I 
have already noticed, though fire be applied to 
it, will not burn without the agency of an aerial 
substance. Atmospherical air being a compound 
of a mild acid, and of a mild, not a high concen- : 
tration of fixed fire, parts with its qwnfi fixed fire, 
when actual fire is applied to it; however, the 
heat it produces is not powerful enough to kee 
the air burning, or decompoundling itsown fi ixec 
body, having a high concentration of fire. Again, 
if fire be applied to a combustible body, not 
having the aid of this compound, it will not 
burn; for its fixed fire being 80 closely and 
strongly attracted, it renders it impossible to be 
| decompounded. This is strikingly confirmed 
in dephlogisticated nitrous air. If chis air b 
found not strongly saturated with phlogiston, 
it will allow a candle to burn in it with a bright 
and vivid flame ; but, if it be highly satutated, 
it will burn with greater vehemence, and the 
flame will extend over the greater s of ”- 
air; that is, the flame will become extend 
from. the candle, and more of the air vill b 


lke to that of inflammable and atmospherical 
air; the _—_— and on We bei 1 both in 


Ns 


Air ib eoubibingis Aa ee hi 


a weak combustion therefore, bodies burning in 
it, burn gently, consuming themselves in a slow 


ticated air, having a higher sataration of fixed 
fre, or phlogiston, allows. a substance to burn 


explozions.* And, if a still higher saturation, 
being in the first instance an agent to produce 
ignition in another body, it will in this case 
become both agent and principle, and will de- 
compound itself. For Dr. Priestley found this 
air with so high a saturation, as to burn and ex- 


fire being added to it, it immediately consumed 
iself. The nitrous acid, or the dephlogisticated 


the volatile alkali, will promote ignition. The 


ri eee. 
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vith a till greater quantiry of phlegisten, it will | 
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dy which it consumes. - Atmosphericalair being 
only a weak $aturation of fixed fire, forms only 


| 
| 
| 


with a more extended flame, and wich partial 


plode like inflammable air; and upon a particle of 


marine acid, hen mixed with essential oils, or 
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the fire loose. In the Fa etals, 

is no oxygene gas to be found. Anion 

ing mechanically, by dissolving the union of 
phlogiston, and setting the fire loose, generates ig - 


said touching the salubrity of 
stances may be adduced of the i and 
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electrical spark, or fire, applied o amomberal 
dir, will gradually, and by a slow process, 


pound it. Ignition depends upon I | 
tet loose. Thus, let different metals be exposed to 


the dephlogisticated marine acid air, such as iron, 
copper, lead, &c. and ignition will immediately 
take place; and this owing to eee 


air decompounding the 


nition. ee e EY hich are 
it will be allowed en d FE were 


right in believing heat to consist in motion; this 
exception alone always attended to, that such 
heat is to be attributed solely to those peculiar 
particles of fire or e, for the e 


an n wilt not 1 11. 2 V»'§̈x ng 
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es pi, | indeed; to ki hass 5 
inds, many in- 


fatal changes which the atmosph 
dergoes, especially in Africa and Anka Toit enu- 
merate them would be tiresome. T Wes = 


Dr. Harrington. 
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ing, however, as its influence i 18.30 \ singularly ex- 
kensive, may not, as an example, be unworthy of 
notice. The Samyal wind, which prevails for cer- 
tun days in the year, not only in Egypt, a in 
Arabia, Syria, Persia, and India, and even 


Africa and Spain, is 80 disastrous in its ee iT 
that every thing in nature seems to yield to its 


as 


other winds! xometinges prevalent i in the zouthern 85 
parts of Europe, are well known. The follow- 


power. Man and animals immediately fall vic- 


tims, if they be surprised by it in its fury. It $eems 


as if it had the faculty of instantaneously pump- 


ing out life, and of evaporating the first prin- 


ciples of existence. This wind, however, and 


those similar to it, it is curious to know, always 


proceed from desart countries. It is the action of 


the sun on sand, not tempered by the interven- 


tion of forests, rivers, or lakes, which renders 


their heat and aridity so destructive. In Bruces's 
and in Volney's Travels, you will see much 


on this extraordinary subject; and to those enter- 


taining writers I refer you, requesting you 
only to bear this in remembrance, that stones or 


and contain less specific fire than earth, this being 


always moister; hence they heat and cool more 


readily, and to a greater degree, which accounts | 


for the dreadful heats of the desarts of Arabia 
and Africa, and the no less intense colds of Terra 
"vos. 1. - FE del 


u 


be 


towns 


i 
4 


* 


4 
BH = 
f 
© 
: 5 
5 
C 
— 
. 
4 
5 > 
1 
4 
- 
SY 
% 
4 * 
4 3 N 
* 
8 - 
& 
1 
; 
l 2 
- * 
” * 
: 
s * by * 


b ”w _= A _ — a.» 44 » 


— — b 2 50G, ©! OE 7 \ nr Oye Ee As og 
——— — — — . 


— 


. 


iz 


K'% 


1 


se as t 


— 
5 | | 
| f - 8 * 2 
8 , 2% 7 5 — 4 * : 1 3 N N g 
3 : ug «£9 88 3 F Spy * 4 8 * ue." » 
by: 4 was * 0 £ . ö * * . 
- * * E 1 2 4 Om" 
» 7 3 22 * 
1 13 „ a TOY : 
y — 2 ba 8 4 « 3 
| £ 33 1 8 # ** 
f , * — . g * \ 4 — = ; n 
ry, _— - % 4 $; . „5 * en, ; + $ ; 
: = 4 — j is bo on ee ping El 
. * * 9 9 * 
— | d a : 8 $0» 2 F 5 
5 I 5 
| . 1 * + . 
= N 5 ' . e E: ; 
* Fa 2 28 ts . 
. * " A 4 88 ; 
T 4 ya” 8 5 
E ®, + Fa * : 
IG 4 
© - 25 
4 Q . 2 2 — bo” 
— . 2 4 4 — , " + 8 a 
| 4 4 + 2? 
, 7 Low -. 4 » 1 2 5 * . 
* voi «a & * 2 7 2 8 
5 * 3 . 
5 > 
As * , \ my 7 : | 
22 | | — . 
; 2 3 7 We : : 7 
f 5 I | 1 4 — * . 
* b C 7 * * 8 80 8 2 : 
" : 4. 2 
3 * , a : | ; 
1 9 * B . 2 
* . 1 : : 
* 4 8 — 7 by ad dp he o 4 # 
. T 
. * 
— * 
* 1 2 ; a — A ry * 4 . : f 
oy 2 i 
2 —— * 8 , w 
| 5 < — . > 
, *% — * = R — 4 * * £ 
* 7 5 
N | | | p ! — « > * 
8 2 . 
* mw 7 
« . : ; 
4 O . oy * ” : 4 : ; : 
| — | : „ * % * > o * 
- £033 4 2 * 5 
GC 4 ' 
1 4 4 " 5 4 Ka 5 if 
- — 44, i 8 * PF; 3 A\ % * * _ 
* 1 15 5 
[a — * N e 
\ a 5 — — * P 
4 5 »e Wo i 2 . = F - 1 * 3 
E. = of * — * - * 8 * N 
| « ; 4 
EY Q - . » « 1 * 0 4 8 
y J * * 8 ; : . 
FL 8 3 4 - 2 2 — 
” . * * 3 J g 8 
ju Ly ; I : f 
8 j —— ' : ws : . a 0 Th i i 
8 9 B 5 % 
7 2 a I 
. 8 cw . 2 3-8 * 1 1 . x by * 
, 8 % . 1 * 6 4 1 * 
2 2 N ; 5 
a by — 8 7 ; : 
a 4 a + 4 ws : * "Ys . > 8 
a ' 0 2 © — * x N ; 4 
5 2 n — F * a * 7 1 N - N 
ä = — N f : . 5 4 5 : 
* * * : 
k Y W " 4 * » * * ; h 
: * : a ; we 71 * 
p* Do þ . Fo 3 © 8 - | 5 A : 
2 : bone ; a > * * neg *: — * 
37 e CFO "Ss, 85 12.4 Y 5 . 0 / n x 9 0 
- ; ; - = ' N 4 4 > 
1 * 
jo — 7 » * - \ * : 
f : n « . * . Ives 
1 
1 . 
: 
* 
1 — uy 
* A x 


— —-—-— . — 
— — 4 


—— 
— IRE 


* 18 
„„ 
* 
* 
3 
5 ME 
ay 
* 
1 N 
„ 4's 
7 * 
4F * 
LEE 1 
*% 


5 * 


FROM the atmosphere and its properties, we 
next pass on to other aeriform fluids, of equal im- 
portance in the sublime operations of nature. 
There is not any thing within the knowledge of 
man more wonderful, than the respective and pe- 
culiar energies of air; nor can any thing, yield 
matter of more admiration, or of more profound 
contemplation, toa philosophie mind, The changes 
which bodies undergo by means of these fluids 
- are astonishing. We even see solid, hard, opaque 
bodies almost entirel y reduced into a earn, 
which possesses properties totally different; 

a fluid, transparent, invisible, whose 8 
instead of their former attraction, shall now re. 
pel each other so forcibly, that the utmost force 
of mechanical pressure shall not be able to form 
them again into a solid. On the other hand, 
elastic, invisible fluids, Shall lose at once their 
aerial form, and be concentrated by the means 
of some other substance; nay, two fluids which, 
by themselyes! are invisible and elastic, shall, 
„ when 
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when At together, lose FIG 3 
ky become marr both visible and —_— ual 


| same getaner of different + airs. | Fes 


The kinds of air, which 3 in el r 


be essentially distinct from each other, are fixed 


air, acid air, and alkaline” air; * for these, and 


another principle, which it has been impossible 


to exhibit in the form of air, and which has 
never yet been exhibited by itself in any form, 


seems to constitute all the kinds of air. The 


terms, therefore, in common use, and agreeable 
to the common nomenclature, are, atmosphere 
air, fixed air, mephitic air, and inflammable air. 


'The last indeed is particularly characterized, as 


it takes fire, and explodes on the approach of 


flame. As to the term mephitic, it might be as 
well applied to that which is called fixed air, 
as to that which 1s inflammable, and to many 


other kinds; since they are all equally noxious 


when breathed by animals. 1 1 _—_ 
is . enen, or ee air. 5 
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From this it appears; tha nitrous air, 1 air FY 85 
miniched by phlogistic processes, are rather 
lighter than common air; and that dephlogisti- 
cated air is heavier-than common air. The le- 
vity, again, of inflammable air is excessive, it being 
ten times lighter than that of the atmosphere. 
Thus, the purer air is, the heavier it is; ; the 
more phie the lighter. 


permanently elastic fluids are n and 


by themselves invisible. All are incapable of 


assisting combustion or animal life, excepting 
common and dephlogisticated. These two last 
likewise, together with inflammable and nitrous 
air, are with difficulty, and in small quantities, 
absorbed by water. Fixed air is in a great 
quantity absorbed, bulk for bulk almost. The. 
other airs, such as vitriolic acid air, nitrous acid 
air, fluor acid air, and the alkaline air, are in 
great quantities almost entirely absorbed by 
water,* The elastic fluids, however, hitherto 
1 | discovered, 
Cavallo. | 


860 LevreR Sir! | 


POO with the principal various names | 
given them by different authors, are those that 
follow, excepting only a few; which have been 
A imperfeckly described. 1. Atmospherital 


common air. 2. Fixed air, or aerial acid. 
85 lnſlammable air. 4. Nitrous air. 5. Dephlo- 
gisticated air. 6. Vitriolic acid air. 7. Marie 


acid air. 8. Nitrous acid air. 9. Fluor acid 


air, or sparry air. 10. Alkaline air. These are 
also, excepting common air and dephlogisti- 


cated air, called gases, with their Ai 6-4 | 


3 — by 


epithets, as nam Mapie gas, . 


The atmospheric air we have e as consider. 


ed. We shall now, therefore, 1 inquire into the 


aerial acid, or fixed air. This air had been ob- 
served on the surface of fermenting liquors, and 
was called gas (the same as geist or spirit) by 
Van Helmont and other German chymists:* 
but, it afterwards acquired the name of fixed air, 
when ir was discovered, by the celebrared Doctor 


Black, to exist in a fixed state in alkaline Salts, 


chalks, and other calcareous substances. There 
are, in fact, few substances 1 in pature that do not 
contain fixed air, discoverable either by heat or 


by some stronger acid. It is always contained in 


common air; and also 1 in the purest Gephloghti- 
R cated 


Priestley. 
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cated air. 11 e 1 state 

of vapour, which modification it assumes on its 
expulsion from bodies, by the power of a supe- 
rior acid taking its place. It is an elementary 
substance; whereas common air is a compound 
Joined with phlogiston, indeed, it may serve to 
form the latter. However this be, as I have 
just observed, all fermented liquors that are not 
quite flat or vapid, contain fixed air. The re- 
sult of enn on the ROY is as e 7 


The air + c inan equal dau 0 the 
loving OS 8 bz 


la Madeinnghs — -- - x bart of an 02: meas. 
Port of 6 years old. 1 | vi 
Hock of f ⏑ tt hs 
Barrelled Clare, © | 
Tokay of 16 years, 260 
Champagne of 2 years,, 6 | 
Bottled . of 12 85 $ Parts and 4. 


This fixed air i hay beim: nnd op Me: 35 
Cavendish to be 14 heavier than atmospherical 
air. He has also ascertained, that water, being 
impregnated by 1 it, will dissolve iron, and therks | 
by become . . T 
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bie aerial, or carbonic mY is found: hier 


in an aerial state, as in mines, caverns, wells, or 


combined with water, in mineral, or common 
springs ; or combined with absorbent earths, 
| off in: ores. It is known by its properties of 
extinguishing lights, uniting to water, and then 
precipitating lime water. The vitriolic, when 
dephlogisticated, is always united to water, and 
as in the earth it must meet with bodies with 


vhich it is capable of combining, I believe it has 
never been found free from combination. The 


phlogisticated, or sulphurous vitriolic acid, fre- 


quently occurs in a free aerial. state, bursting 
from volcanic mountains, and also in some ca- 


verns and mineral waters. The nitrous, called 
aqua fortis, though generally ranked among the 


mineral acids, can scarcely be called so, as it al- 


ways requires for its formation the putrefaction 


of animal or vegetable substances. It is never 
found disengaged from all bases (except perhaps 
in charnels and the repositoties of animal excre- 
tion) but always united either to alkalis or earth. 
The morine, or muriatic acid, frequently'1 

spirit of salt, is found only in a state of eum 
bination with alkalis, earths, and some metals. 
The ** is found in floor _ 1 
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chrysopasium, and: phosphoric blende. The su. 
dinous is found only in amber. The phosphoric has 

as yet been discovered only in fossil bones, and in 
one species of lead ore. It probably owes its ori- 
gin to a decomposition of bones. The molybdenous 
being very lately known, has been found only in 
molybdena. The arsenical has book traced in the 
ores of other metalic substanoes, particularly of 
cobalt. The tungaten has hitherto been found 
only in the en, ne tungsten. 


The bodies 3 called Mn are ; chnekingiany 
of vital air, with a certain elementary substance. 
The analysis of almost all the acids, whose com- 
ponent parts are n establishes this truth in 
a positive manner; and it is on account of this 
property that the bee. of oxigenous gas 
has been given to vital air. The word Sour, which 
is usually employed to denote the impression, or 
lively and sharp sensation, produced on the tongue 
by certain bodies, may be regarded as synoni- 
mous to the word acid. The only difference 
vhich may be established between them is, that 
the one denotes a weak sensation, whereas the 
other comprehends all the degrees of force, from 
the least perceptible taste to the greatest degree 
of causticity. We say, for example, that lemons 
ve sour; but the word acid is used to express 
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stances. On account of this decided eng 


- it is usual to call any substance an. alkali, which 


| ene Iich the nittie, SL iphuric, N 
muriatic acids make upon the tongue. 1 
ticity of acids appears to atise from their strong 


tendency to combination: and it is from this 


property, that Newton has defined them to be 
bodies which attract and are attracted. It is 


likewise from this property, chat certain chy- 
mists have supposed acids to be pointed sub- 


to combination, it seldom happens that they 
are found in a disengaged state. With alkalis acids 
they generally effervesce, but not always. Thus, 


the carbonic acid, and almost all weak acids 


eannot be distinguished by this property; and 
the purest alkalis combine with acids, without 
motion or effervescence. In regard to athalis, 


has an acid, burning, .urinous taste; the pro- 
perty of converting syrup of violets, green ; 
the virtue of forming glass when fused with 
quartzose substances; and the faculty of ten- 
dering oils miscible; of effervescing with cer- 


tain acids; andof forming neutral salts with all 


of them. The alkalis are divided into fixed and 
volatile. This distinction is established upon 
the smell of these substances: the former are 
not volatilized, even in the focus of burning 
mirror, and emit no characteristic smell; where- 
- 5 : as 
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x5 the latter are easily reduced into Ms 
emit a "oY ons. | odour. 5 


But as we vs! 457 ere, fixed air 


. enters universally into the composition of all 


animal substances, and is of so extraordinary a 
nature, that it may be made the instrument either 
of health or of disease, of life or of death.* For 
instance, if an animal be immersed in a sufficient 
qu-utity, a total loss of sense and motion imme- 


diately ensues; and if the animal be not speedily 


returned into common air, death is the certain 
consequence. On the other hand, when proper- 
y managed, it promises salutary effects in some 
instances, and may be variously adapted to the 
purposes of medicine. It may be externally 
applied, either by a proper apparatus determin- 
ing it upon the diseased parts, or by mixing it 
with the air of the Lana $0 as to 85 _ 
and rs respired. F 


| T he et * colidity of substances are; 


in the opinion of Macbride, owing to the fixed 
air they contain: and, when by any means this 
is taken away, the mutual adhesion of the several 
parts will be destroyed, and the body will either 


run into the putrefactive fermentation, or crum- 


Dobson. 
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eien e eee to che nature of in e 
| '$tituent parts. Hence it nec 


ecessarily follows, 
that whatever substance has the power of im 


peding the separation of fixed air, or of restor- 


ing it when separated, will also prevent or cor- 


rect putrefaction. A piece of flesh, for i me, 


surrounded by a substance of this kind, is kept 
sweet, because the fixed air cannot make its 
escape, and that, probably, on account of its 


pores being blocked up by the finer particles of 
the antiseptic matter. If it has already, how- 
ever, become aeg will receive fixed ait 
from the antiseptic body, and hence cease to 
exhale a fœtid smell, * its fluidity and flab- 


biness, and at last recover its sweetness 500 


firmness. 


The power of this aerial wa you him per 


ceive, is very great; it preserves and it destroys. 
But, there is one thing very singular regarding 
it, which is, that if an animal be plunged i into a 

sufficient quantity of it, he will instanta 


151y 


expire, and without a convulsion. Now . 


this should be the case is uncertain, unless the 
system of an animal, or its vital principle, be 


of the nature of the electric matter, which i is in 
a Similar manner, and with equal expedition, 
swallowed up and dissipated by it. Thus we 
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gee that not only gtottocs and caves, but a 
even waters themselves are sometimes so strong- 
ly impregnated with fixed air, as to kill frogs 
and fishes of every kind. Ranas nimirum, 
cancros, pisces quoscunque, | in his aquis ineon 
tinenter mori.” | And hence the probable ane 
of fixed air in vermicular diseases, as *2C0 

ed by Dr. Hulme. As it deprives an e of 
existence, so it effectually prevents fire from be- 
ing kindled, and combustible matter from ex- 
plosion; it even completely and instantiy extin- 
guishes a body red hot and flaming; 5 50 that to 
determine the presence of this mephitic fluid by 
flame, is a common experiment. In some places 
the poisonous'stratum of fixed air has a vety in- 
considerable depth indeed. In the Grotto del 
Cane near Naples, men, and even large dogs, 
as you have seen, suffer nothing while they stand 
erect; but if the nostrils of any animal be brought 
near the ground, it is Insranitly 8crzed by stupe+ 
faction. This deadly vapour may be seen, like a 
very subtile smoke, which in summer rises about 
a foot from the ground, bur "tn witer vor ab ABOVE 
a few inches. . FR 1 50 
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and plagues, which were in former days 80 ve 
prevalent. Fixed air most assuredly bas the 
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ron eived 1 chat nigh 11 re 


ala the most decided utility to mankind... | Proj John 
| Pringle.among the rest, and with great-probe 


bility,-supposed, chat the great abundance of it 
e ef in vegetables and saccharine substanc 
and which at this time make up a considerable | 
part of the diet of European nations, was the 
cause of the prevention of those putrid di eaze 


power of sweetening the putrid 'efluvium;.. 1 
has indisputably an antiseptic power. Ir may be 

said to be demonstratively certain, that it de. 
stroys the putrefactive fermentation, .. ,** Hence, 
(says Priestley) the use of wort and other sub- 
stances, which contain fixed air, and vield a great 


_ quantity of that fluid i in the stomach, are strong 


ly recommended in scorbutic cases. Adminis. 


tered, or taken internally as medicine, they have | 
been found of prodigious service in putrid dis. 
orders. Men in the sea scuryy are cured by 


being buried partially, or up to the necks in fest 
earth, and this is owing to the absarption of the | 
fixed air by the pores of the skin. Followi no - 


Ve ok 


the plough is also an old prescription \ for a con- 


sumption. F resh mould Re hs the 8 fon 
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Still porvvingz"(hi64d6s öf Beek r ähiz u 
powerful in its operations, the'experimet talists; 
who indefatigably, and with noble emulation, 
trove to increase the number of its benefits 
for the good of their fellow creatures; inagined 
it might be be eficial in the cute of that racking 
disease the stone. “ So strong is the relation; 
ays Priestley, «which subsists bet wech mephitic = 
or fixed air and water, that they remain firmly 5 
combined, and so rush into the urinary organs; 
hence a Alea medicine for the stone or gravel, 
preferable to, and more pleasing than linie- 
which nauseates, destroys the appetite, a 
_ ates adisagreeable sensation; or'soap-ley, which'is 
caustic and acrimonious; Which often produces 
anguinary urine, and aggravates the torture 
which it is meant to relieve.“ When com- 
bined with an animal earth, indeed, fixed 
air was supposed by some to form the stone 
and gravel.* Bergman thought that the acid 
of sugar, together with an animal gluten, con- 
situted the urinary calculi; to these hows 
erer, obzerved” other physicians, 4 calcareous 
matter must be added, as may be inferred 
from the effervescence / and indissolu 
many of them in che vitriolic acid. Theſiair 
found in the Stomachs of animals is mostly of the 
„ e 
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demi, dhe e pros wpetls of 


ö e efficacy of fixed air, a very able and accu · 
rate philosopher has assured Dr. Percival, that, 
unfortunately, in opposition to the opinion of 

its being beneficial in the stone, the calculi which 


he has tried have universally. resisted the action 


of mephitic water. And he further adds, chat 
not one of them has been found to contain 2 


ple grain of absorbent earth, but that all of 


N them have proved inflammable like gall. stones. 
Dr. Heberden has asserted the same ching. But, 
on the other hand, (and thence there are some 
hopes still remaining) it has been fully sbevn, 


that these substances vary in their structure and 


composition; and that calcination. converts some 


into quick- lime; that others are consumed « en- 
tirely in the fire; and that a third sort yield, af. 


ter burning, an ins ipid residuum, incapable of 


giving any impregnation to water. „ 6 On this 


subject, says Scheele, * 1 conclude, aicaloulus | 
| is neither calcareous: nor gypseous, hut that it 


consists of an oily salt, in which the acid pre- 


vails a little, since it 1s odloble in 8 en, 


br Kun. 239 
nr? That N Senne phlegiston, appears by 


its solution in caustic alkalis and lime Water 


« ] have found ealeulilalss;” says he; . dissolv. 
ed in all urine, even in that of childten! All 
urine contains sotHe atmal Sarth; or lime com- 
bined with phospbtdus acid, and by the super- 
abundance of acid tliis earth is kept dissobved. 

It is remarkable, xhat che urine of the sick is 
more acid, and Nene mots eee 
that of wn etsens. 
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« But are we. ne, in Fer to 3 the 
one,” says Dr. Falconer, sometimes as a 
disease of the constitution? Is it not, in some in- 
stances, rather an animal production, than pro- 
ceeding from Stoney matter introduced ab extra, 
and afterwards collected and concreted ? Does not 
the oyster, for instance, furnish by its own pecu- 
lar economy a large mass of calcareous earth, 


which serves it for a substantial covering and 


defence? And is not this the product of a pe- 
culiar organization? Is not another analogy to 
be deduced from stoney matter, which incrusts 
the 6 oth of the human 1 themselves ?” = 


The carbonic 83 or fixed air, is found i in 
thre? different states; in that of gas, in a state 
of mixture, and in a state of combination. It is 


wy. I „ found 
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| near Naples, and in a Variety of other; places; 
in tombs, cellars, &c. It is dis} 
form, by the decompoxition of vegetables heap 
together by the fermentation-of wine or. boos, by 
the putrefaction of animal substances, fc. It 


exists in the state of simple mixture in mineral 


waters, since in these it possesses all its acid pro- 
perties. It exists in a state of combination, in 
lime stone, common magnesia, Ahn, &,. 
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AS fixed air was a eis to bs Link per · 
nicious, in certain instances, to the animal 
5ystem, 50 it was likewise very generally be- 
lieved to be fatal to vegetable life. Dr. 
priestley thus having kept the roots of several 5 
plants in water, impregnated with the carbonic” | 
acid, observed they all perished; and in those 
instances where plants are observed to vegetate 
in water, or in air, which contains this gas, the 
quantity of gas is very small. M. Senebier has 
even observed, that plants which are suffered 
to grow in water, sl ightly acidulated with this 
gas, emit a larger quantity of oxigenous gas; 
because, in this case, the acid is decomposed, 
the carbonaceous principle combines, and is 
fixed in - the vegetable, while the oxigene is 
thrown off; But the validity of this opinion has 
| ltely been doubted by a Fe accurate and _— 
experimentalist. RA ; 


0 Fixed air,” says of 1 inks © cc 3 you | 
nerally allowed to be formed by a combination | 
1 n with the pure part of atm hs 


Q_z : as, 


A 
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air.” Dr. Priestley and others insist, that the 


first of these ingredients is favourable to vege- 
tation, while plants droop and decay, when ex- 
posed to the action of the latter. But why may 
we not suppose, that though fixed air, when 
pure, may be fatal to plants confined in itꝭ and 
excluded from free communication with the 
common air, yet when applied in proper quan» 
_ ritjes, and to plants enjoying a free i intercoutse 
with, the atmo 
effe&,; aud serve to nourich and support chem“ 
From, Dr. Ingenhouz's experiments, it appears 
that plants have the power of separating Phlo- 
gixtpn, from common air, 3plying it 40 cher 
nature, and throwing out the pure, ar, dephlo- 
gisticated residuum, as excrementitious, Naw, 


allowing, what appears, very probable, that they 


have a similar power of decomposing fixed ait, 
and of Applying and rejecting its Honstituent 
parts, fixed air may be equally. nutritious to 
them. Confined, indeed, in close ve a 


fixed, air, plants must perish. In the ee man 


ner as from a want of communication wit 


atmosphere, as necessary to carry off che * 


giston thrown out from the lungs, an animal 
must perish, $0 in the i instance of a vegetable, 
che plant must die, if cut off from the ban 

the — in auch fn. th 
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ar excreted by its: vessels, cannot be conveyed 


structive to vegetable existence, must be ac- 


functions being reef a _ RON be = x 
| n e e 1 80% e 


This seni noe 


trine generally - established, of fixed air being 


tent myself, with a point which to me, at least, 


meliorate and injure air: nor are either caused 
by heat or by vegetation; but merely by the pre · 
sence or the absence of the solar ligbt. In the day 


heated by artificial means, they yield a pernicious 
efluvium, and operated upon by electricity, are 
only affected by the mechanica impulsion; 
whereas, in the absence of light, they Shed a 
un — ena in | the first meer 


e | Adephl logisticater ir in found. 
to be spread around vegetables in the sun; a 
Phlogisticated air in the absence of the un. 


. 


from it. For in these circumstances this fluid 
of pure air, so salutary to animal life, but . 


cumulated in the body of the plant ; and its 
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may be just; but as it tes ap docs. 


hurtful to vegetation, I shall leave the exami- 
nation of it to more able hands, and here con- 


appears less questionable. Vegetables both 


and in the light, they meliofats the air, though | | 


4 þ left after respirable air is destroyed. The o- 
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5 mals, and other phlogistic processes; but that 
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No . is more subtile e 


nomy of vegetation, in these particulars, is asto- 
nishing; and there is no subject which has been 


more industriously or successfully attended to by 
philosophers. Ingenhouz was the first who 


proved the great truth, that plants, when exposed 


to the influence of the light of the sun, corre 


the vitiated air caused by the breathing of ani- 


placed out of the influence of the sun, they inſect 1 


the air s0 as to occasion the extinction of life ; 2 
Single plant being capable, in the course of one 


night, of rendering a body of mephitic air of 
fifty times its own bulk. Vegetables commence 
their wholesome task shortly after the sun has 
risen above the horizon. It is then, that having 


shaken off the drowsiness and lethargy of the 
night, they begin in plentiful showers of vital 


air, to correct the nocturnal air which has be- 
come vitiated. This operation of plants is more 
or less vigorous according to the brightness o of 
the day, and the situation of the plants, in re- 
gard to the direct rays of the sun. When $haded 
by buildings, or by other means, their exhala- 
tions, $0 far from being serviceable to the ant- 
mal ceconomy, are, on the contrary, essential 


FO: The stream the 1 air begins to 
| en 
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los ol the dy, ind ceases 


U 
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4 chy 4 ous al bus this pure air, or in * 
elaboration of the mephitic air, all the parts of 
the plant are not engaged. The leaves, the 
roots, and the branches, are those parts alone 
which are employed. In general, the pure air 
is poured from the inferior surface of the leaf. 
But young leaves, and those that have not ac- 
quired their full growth, do not yield either $0 
great a quantity, or of 30 good a quality, as those 
which are of their full size, or which are even 
old. All leaves are not equally bountiful ; many 
of the aquatic genus are found to be the most 
liberal; nor are all leaves equally pernicious 
during the night and in the Shade. Some, how- 

ever, which do not yield to any in their diurnal 

operation of producing good air, surpass others 

in their power of infecting the common air dur- 

ing the night and in the shade, insomuch, that 
in a few hours they can so corrupt a great mass, 
as that it shall give almost e c ee to 

an animal A: 15H pats 

W particularly roses 2 Frilets 0 

exhale a mortal air, and vitiate the surrounding 

mass, both day and night, both in the light and 
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| in winter an in mmppeß. 


from the emanation which is their pe 
The first is as much to be apprehende 


other is innoxious and agteeable. Hibs. 
cently taken out of the ground, have, in gene. 


ral, the same deleterious qualities as flo 
Fruits, even the most delicious, are equal 


nicious. Peaches, like flowers, ſor one ai, | 


in a small confined bed-chamber, would sopoi- 
son the air, as to deen any person who would 


venture to sleep in it. Mushrooms exhale at al 


git a Lp air; they _ 1 


their faculty of ben n ar 
though they retain their e, of generat 
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and fruits. grow feeble in their mephitic opera 
tions during the night 1NC 


n in the shade. 5 r 
nocturnal emanations of leaves, and e 


evaporations of flowers and of fruits, do-no 


diminish in quality in winter, they only diminish 


in quantity; and this. seems apportioned to ani. 


mal wants, for 


1 g as rec 


* ; | Winker 


deere emanation, , 6 unringe is 1 « difen 


ws login | 


by erte. Ca phlogi Stic processes 
The faculty in vegetables of giving pute air in 
the sun, and bad air in che shade, augments to - 
wards . thawigetet ve- 
getation. The diurnal» emanation f leaves 

is simple; it is a pute, ora dephlogisticated air, 
without any mixture of fixed air: but the 
nocturnal is 2 compound of fixed: air, and of 
phlogisticated or inflammable air. N otwithstand- 
ing all this, we have no reason to complain, 
that common air is not vital air. If it were, we | 
should undoubtedly; respire better, ur: ny the ” 
vegetable world would perish. And, on 

other hand, were it more loaded wich hlogistor 
plants would vegetate better, but all action 
nature would perish. ' The bounty of Providence 
has wisely established a medium by which the 
existence of both is maintained. In all the sur- 
prizing elaboration of these fluids, the leaves 
are the principal instruments; the varnished 


superior surface imbibes the essential particles, 


which, after elaboration, are by the inferior 
poured forth in pure but invisible streams. 
While the heats pon ere, er eee 5 


s conzequently a $eleaicy"' to cor 


t eee en belag 85 . f 
fal off, In the Denen This 


leaves have a function, which, indi t 
their beauty, should make us bode api 
as kind WORE in the preservation of 
animal existence. The m 
| emanations, which they exhale 1 In obsrurity, an 
lighter than the general mass of the/atmosphe 
and consequently ascend and leave the infivs 
regions in purity. Hence, the atmosphere is a 
good during the night as during the day; and 


hence, at least in our temperate WY the at 


mosphere is best in the height of summer 
in the height of winter; for in ih Fro he 
vegetable world is in its greatest vigour; and in 
the second, the general tendency to corruption 
has ceased. I have wandered, hats. 2 dan 
too far from the point we were engaged upon 
the nee, of the e acid, -0 or fed 


air. Es 


” * : ' 
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Jo return therefore to our main subject ; the 
genuine mineral spirit which gives character and 
| life to cold mineral waters, has. at lengyh, hy in- 
cControvertible experiments, been shewn ro bets 

cg the Laune with fixed Aix. It is the 85 
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ciple which i 18 common to the Seltzer, Spa; and 
Pyrmont waters; -though different salts, in diffe- 
rent proportions, determine the different species 


of these waters. Hence water, by bare impreg- 
nation with fixed air, cannot properly be called 


eicher of them. ® - The elastic fluids, indeed, 
extracted from mineral waters, are commonly 
said to be three; namely, fixed air, inflammable 

air, and phlogisticated air. Sometimes one or 
two, and sometimes even all three are found to- 
gether in the same mineral waters. In some in- 


stances, however, they are so loosely mixed with 


the water, that by mere exposure to the open 
air, they escape in a short time; while on the 


contrary, in other cases, a very long boiling is 
hardly sufficient to expel them. But besides 
these, very minute particles of flint, lime, mag- 


nically suspended in water. The argillaceous 


particles obscure its transparency, and render it 
of an opal colour: the others occasion variations 


which are less observable, because the subtilty 
of their particles, and the surrounding waters, 
render them transparent. But various substan· 
ces are found united with water, and with each 


other more intimately, that is, by means of chy. 
mical tee Pure air nnn 


| waters. 
* Bergman, | 


— 


| waters, Aerial yy is found; in envi water. ln 
| flammable air sometimes issues from waters, The 


1 other acids are only in a disengaged date, dn 


Vaters accidentally; as for instance, the s 
tous acid in the mephitic waters, which have che 
| Property of discolouring silver. Vegetable alkali 

is seldom found in waters; mineral alkali often; 


volatile alkali sometimes; terra ponderosa- gome- 


times; lime frequently; magnesta not so frequent 


ly. Vitriolated clay, or alum, is rarely found ;1 ;mw- 


riated, or salited clay, sometimes. Among th 
metals, iron is more frequently discovered in w 
ters. Manganese has not yet been found. Coppt 


has onl y been found vitriolated; arsenic, very rare- 


ly. Water is sometimes contaminated with extracts 


from animal and vegetable substances. * Lcould + 


not, however,” says Bergman, discover any 


certain signs of bituminous oil, it being immis- 
cible with. water, unless by means of an alkali.” 


Petroleum, agitated with distilled water, sepa- 
rates again upon standing. It must be acknow- 
ledged, however, that the water, even after the 
most careful filtration, still retains a bee wie 


never found all together, 7 are more 6. 4 
numerous in different waters. Thus some ef 
them are contained in atmospheric watets ; then 
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Seer in mm waters, eee 1 
propriety, perhaps, have found its place, whats 
the element itself of water shall be bro 


fore us. But ĩt was difficult to separate what so 


found in water, and hence, though in less pro- 
portion in some than in others, it universally 
must be looked upon as an invariable attendant, 
though not as a constituent part of the fluid of 
| water. From fixed air, therefore, which, blended! 
with inflammable air, was erroneo 

supposed to con stitute common n 
proceed to à consideration 

the  ploginicared air Toney ihn Pg” 


ene 


We have. de te onion arge, 
entered into the subject of fire; but Mhether 1 ir 
be a fluid of a nature peculiar to itself, which 


in its nature or Prop 


duced; Ware it be generated or let loose 


us in a palpably heated state from the sun; it is 
e 


in those found 6n the enrfic of he cad; and | 


ght be. 


peipetually are seen blended. Fixed air is always 


We first 


was created such as it is, and cannot be altered 95 
8. destroyed or pro- 


motion and collision; or whether it passes to 5 
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deemed phlogiston. Thus, says Priestley, then 
is no animal or vegetable substance whatever 
nor any mineral substance that is it en 


that condensed, compacted, fixed state has been 


but what will yield a great quantity uy (of Abs 
phlogiston), as inflammable air, ene urged by 


a strong heat. This air kills animals as suddenly 


composition, indeed, of this inflammable-air 
seems chiefly, if not wholly, to consist 8 
union of an acid vapour with phl riston,” 
Water, it is probable, always contains a certain 
portion of it; for by agitation in water, it le 


its inflammability, so as to be fit for respiration. 
Of all bodies, however, it is one of ihe ine 
combustible in nature, and yet it, will not buri 


without the contact of other air. "The fner' the 


air, the greater its rapidity ; and cons 
is the most violent in n deplognicrd air. 


Priestley. 5 


cludes all our senses, and can only be recog - 


nized by its effects; for which reason, some have 
5upposed it to be a fictitious substance, and to- 
ally impalpable, but, probably, without rea- 


aon. Priestley and Kirwan have, to their own. _ 
utisfaction, demonstrated its existence, botk 
malytically- and synthetically. This principle, 
when in combination (and then it is Properly 
called phlogiston) may be set loose by various me- 
thods : having ee its elasticity, and 


ale ai, Phloginon is e 3 c 


nell bodies, though in many it is concealed-by | 
its exility. T ee ic, however, ao - 


* 
= 


An ounce a of lead comains Too c 
measure of phlogiston. 1 

Do ft = «= ee. 
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This very subtile matter ak tas. 
nuts, like the aerial acid, of two states, a state 
of combination, and a state of freedom. * In 
the former it enters into the structure of bodies, 
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In contradistinctio te pernici s 
ol chis air, eee shall treat mote fully 1 
hereafter, there are two others; which; thaugh in f 

| dissimilar ways, are yet of considerable impor- | 
U mean, dephlogisticated and hitrous air. 6 

The latter, indeed, is the ꝓhlogiston ef ebpper, 1 

| | ISP gon none Ol cop 1 
of Meeres called dne rial inc, Tina, TD 
however, though highly noxious to animal and 5 
vegetable hie, is yei * its deleteridus qualities, , 
apparently counterbalanced by its remarkable | 
property of hindering putrefaction; so that $eve- q 
ral substances may be preserved in it uncortipt 1 
for a considerable time. After long keeping, it i £ 
true they become offensive both to the scent 1 
and to the palate, though the amell is nog alto- WI a 
gether that of putrefaction; and, indeed, the zub· _ 
stance continuing quite firm, it could not be ti 

properly putrid. Nitrous, air, says Priestley, X 

6 consists of the nitrous acid vapour, united to 

| phlogiston;;together, perbaps, with some nil | RE 
portion of the merallic calx. It net only pre- 90 
serves substances, „. restores those that are 1 


„„ already 
*N icholon's-Philosophy. 


* 


already putrid, and that i in a "Mp greater A 


than fixed air. It is to be procured not only 
from copper, but from all the perfect metals, by 


spirit of nitre, lead excepted ; and from all the 
semi- metals, zink excepted. | Long exposed to 
a large surface of iron, it has the most deadly 
consequences. Animals die the moment they 


are put into it,  notwithsranding a candle will 


burn in it freely at the same time.” In regard 
to nitrous acid,” says Bergman, * it may be 
conjeclured hatin small proportions, it is a con- 
stituent part of dephlogisticated air, or that 


phlogisticated air is nitrous acid, with a, larger 
proportion of phlogiston than nitrous air.” TO 
the latter supposition Mr. Cavendish also evi- 
dently inclines, and observes, in conformity 


to it, that part of the phlogisticated air, with 
which the vital air is debased, is, in his experi · 
ment, converted into nitrous acid, by the strong 
affinity of the latter to phlogiston. The com- 
mon office of nitrous acid i is merely to ne. 
e Water? | 


4 


The other important air which I mentioned 


above, the dephlogisticated or vital, is of so 
great consideration, as to have amply requited 


the pains which have been taken towards its if- 
vestigation. Some deduce it from the dephlo- 
vol. I. Se een 
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gistication of the aerial acid; Scheele from the 


decomposition of heat. One circumstance, how. 
ever, relative to it is certain, that there is 0 


place upon earth yet discovered, where it is 


found naturally, like fixed or inflammable air, 
though it is to be obtained from certain substan- 
ces, by various processes. In the works of some 
old authors, some faint ideas are to be found of 
an elastic fluid purer than common air, & especi- 


ally in some tracts of Dr. J. Mayo, which were 
published at Oxford in the year 1674 but their 


notions, however to be admired, were not only 


unsupported by decisive experiments, but were 
exceedingly confused, and so involved in co. 
jecture, that they can hardly be supposed to have 


5 afforded any light to the modern philos Phe 


who have discovered that admirable elastic fluid, 


and have ascertained many of its interesting po- 
perties. Priestley was the first who discovered 


it in this country, and from its containing a very 
small share of phlogiston, distinctly identified it 
by the appellation of dephlogisticated air. At 
the same time, Scheele, of Sweden, was labouring, 
and as effectually, towards the like discovery. 
Ignorant of each other's views and experiments, 
these able men strove to attain the same great end, 


| and jg atchieved 1 it. Both the ane, 
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other, cherefore, are . entitled to che honour of 
the discovery. Scheele called the pure elastic 
flud he diseoverce 19 7 855 air. | 


| Dephiloginicared air may bb obtained FTP all 
sorts of substances, whether vegetable, animal, 
or mineral, when mixed with nitrous acid, and 
exposed to a sufficient degree of heat, provided 
those substances be first ne of phlogiston. 
From some, indeed, more of it can be obtained 
than from others, as metallic 1 and calca- 
reous earth. In short, substances of every sort, 
when mixed with nitrous acid, and acted on by 
a sufficient heat, produce an elastic fluid, Which, 
if it contains much phlogiston, is nitrous air; if 
the quantity of phlogiston contained is very 
small, it is fixed air; and if the substance is very 
much dephlogisticated, the produce is pure de- 
phlogisticated air. The purity of this air is 
abundantly striking. It takes up a greater quan- 
tity of phlogiston than any other air, and is con- 
sequently the longest fit for animal respiration. 
lt is, in a word,” says Priestley, five times 
as pure as common air; animals will live in it 
hve times as long; a candle will burn in it 
vith five times as much lustre; and inflammable 
ar fired into it will * many times louder 
than in common air.” A very cemarkable cir- 
R 2 cumstance 
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cumstance, however, attending this air is, that 
the calx, for instance, of a metal, whence it shall 


be derived, is heavier than the metal itzelf. 
Thus one hundred weight of lead turns out 


one hundred and twelve weight of calx. The 


metal, during its calcination, draws from the 
general atmospheric stock a great abundance of 
this purer fluid, which it greedily imbibes, and 
preserves in a concrete form. The calx, which 
contains the most dephlogisticated air, is that of 
quicksilver, commonly known ** che name 98 


4 


In our enquiries into fixed air, one of the sub- 


stances most plentifully yielding it, we established, 
on good authority, to be calcareous earth. But 


Mons. Bertholet says, that no aerial acid is 
disengaged, but only atmospheric air, which 


: gradually becomes more and more pure, and is 


at last very pure dephlogisticated air.“ 
problem, however,” observes Bergman, © which, 
though highly worthy of it, has not yet been 
sufficiently investigated.“ But, be this as it 
may, the very great purity of the dephlogisticat- 

ed air rendered ingenious men desirous of turning 
it to that end, by which alone discoveries are made 
respectable, the good, of mankind. According 


it was conceived, that in those fatal diseases of 
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the lungs, which several climates abound in, it 
might be particularly beneficial. * Persons af- 
fected with those disorders, said they, are 
often conveyed into distant places for the sake of 
breathing a kind of air, which, at most, is very 
little better than the air of their actual dwelling 
places; whereas, by using this artificial air, they 
might save the inconveniencies of travelling, and 
breathe an elastic fluid bg bog better than 
the air ret any country upon earth.” “ 


Pure dcphlogianicaved air, which possesses both 
a fixed fire and an acid, agreeably to Lavoisier, 
it is certain, might be of utility as a medicine; 
but it is natural to believe it would be pernicious 
for the body in health; for as a candle burns out 
much faster in dephlogisticated than in common 
ar, so it may be inferred that the animal powers 
would be too soon exhausted in so pure an at- 
mosphere, and that we should live out too fast. 
Moreover, it is certain that animals will not live 
in dephlogisticated air, as they will in atmo- 
spheric air; that is, until they have com- 
pletely phlogisticated the whole aerial fluid. I 
have already mentioned the deleterious powers 
of the fixed air. In addition, however, to what 

N „ 5 I have 
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J have said, it may not be amiss to tell you, that 
the volatile alkali, applied to the nostrils; or 
mixed in water, poured down the throat, has 

been known to restore life to a man who was 


supposed completely suffocated by the acid va- 


pour of charcoal, which is nothing but fixed 


air; as it has been known to bring hack life to 


another, who was suffocated by the vapour of 


the vinous fermentation. Apoplexies have even 
been cured by it. Boerhaave says, that once, 


being deeply employed in an experiment, an acid 


vapour seized upon the vital powers, and that 
he should infallibly have died, had he not had an 
alkaline spirit close at hand, which he im- 


mediately applied to. In less alarming, but 


really dangerous emergencies, it has been found 
of efficacy, particularly in excess of intoxication. 


A man totally bereft of his senses by drink, has 


been rendered sober by having twelve or fit- 
teen drops of this alkali, mixed in water, pour- 
ed down his throat. The pain of burns, which 


is chymically supposed to be caused by the ac- 


tion of the igneous acid, is instantly mitigated 
by the application of alkalis: even a coup di 
soleil is to be counteracted by the external ap- 


plication of one part of volatile alkali, blended 
with eight or ten paris of water; and by the 


internal e as I have said above, of 


5 twelie 


to 
in 
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twelve or fifteen drops mixed in water.“ This is 
worth remembering. In regard to nitrous air, 
as we have above seen, it has long been known 
to have the property of preserving bodies ; but, 
in regard to phlogisticated air, it was not until 
Mons. Charles discovered it, that that inflam- 
mable gas was proved not only to have the 
property of extinguishing life, but also of gis- 
wlving the animal texture. Here then, may we 
not ask, in the words of Sage, if this inflam- 
mable air, which we inhale from the atmosphere, 
does not serve, in some manner, to dissolve the 
aliments of animals, and to turn them properly 
into attenuated * nutritious chyle ? 
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FROM che general glance which we have 
thus cast upon the principal of the permanently 
elastic fluids, we have been enabled, at least, 
to establish a conviction of their very high im- 
portance in the general chain of terrestrial 
nature. But there are yet more familiar lights, 
in which they are to be placed; I mean the 
powerful and uniform effects which they have 
upon the animal and vegetable, as well as upon 

inanimated nature. Under this view, therefore, 
we shall again, for a moment, consider them. 


Plants and animals, as I have already said, act 
reciprocally on air, for each other's advantage; 
the breath of animals corrupts the air; the air 0 
corrupted becomes more nourishing to plants; 
and the respiration observable in plants, is the 
reverse of that in animals. The latter take in 
pure air, and send it out foul and phlogisticated. 
Plants take in this foul air, and return it pu- 
rified; and this is simply analogous to their fa- 

5 Philosophy of the Elements. 
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# culty of elaborating sweet Juices from impure 
earth and manure. The sun raises a pure air 
from plants; whence the atmosphere in the day- 
time is rendered more wholesome than in the 
night; for plants in the night, or in the shade, 
have a contrary effect upon the air; but their 
bad effect in- the night is not nearly so great as 
their good effect in the day. Flowers always 
hurt it both day and night. Water plants are 
remarkably vigorous in their faculty of yielding 

pure air to correct the inflammable air, which 
is bred by the soil in low marshy grounds. 
Thus the best remedies are produced, in every 
region, for its native evils; and thus do all things 
work one for the general _ 


. eflluvia of human bodies,” says 
Arbuthnot, “and the same in some degree of 
other animals, are extremely corruptible; and 
50 is the water in which people bathe, by re- 
taining cadaverous particles. Less than three 
thousand human creatures, living within the 
compass of an acre of ground, would make an 
atmosphere of their own steams, about seventy- 
one feet high, which, if not carried away by the 
winds, would turn pestiferous. Owing to this 
circumstance, the air of prisons often produce 
mortal diseases; and ships crews turn sickly in 
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That the air which passes from ho th is 


five or six times into a glass vessel, and by then 


putting a lighted candle into it, the candle will 
instantly be extinguished ; but introduce a fresh 
plant 1 into the vessel, and then immerse the vessel 
in water, so as that the newly generated air shall 
not escape, and it will be $0 altered, as to be 


rendered thoroughly pure and wholesome; and, 


of course, the candle will burn in it with the 
greatest freedom. The manner in which phlo- 


giston thus taints air, may be in this familiar 
way exemplified. A lighted taper placed under 


a glass, or other close cover, will preserve its 
flame, until the interstices between the particles 
of the enclosed air shall be saturated with the 
phlogistic matter, and shall be capable of con- 
taining no more. In like manner, if a lighted 
taper under a glass cover be immersed in water, 
the flame will continue in vigour, until the wur- 

rounding air shall begin to be contaminated by 
the phlogiston from the taper. It will then ga- 
dually die away, and at length go out altogether 
And hence the experimentalist, who descends | 
into a diving bell, repeatedly falls the sacrifice to 


the 


* 
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the air which he has bredthiedo That which 
passes from himself, he is frequently obliged to 
bade, and thus every expiration adds to the 
mephitic quality of the surrounding fluid, and 
consequently so loads it with phlogiston, that 
unless there be a fresh supply of atmospheric or 
dephlogisticated air, the vital Wen w_ be 

n destroyed. 115 


Animal F even from the living body, we 
thus see, are highly pernicious: when accumu- 
lated, and repeatedly respired, they are fatal to the 
animal ceconomy ; they diminish the energy of the 
brain and nervous system, and weaken the action 
of the heart and arteries. The Count de Milly, 
of the Royal Academy of Sciences at Paris, un- 
dertook various experiments to ascertain the re- 
ality of the animal emanations, and at length very 

atisfaCtorily proved, that the animal air which 
issued from his body in a bath, was different from 

the air of the atmosphere, and had properties 
that gave it a striking resemblance to what we call 

fixed air. The pulmonic air, indeed, sent forth 

by respiration, is nothing else than a mixture of 
fixed air, diffused through a large quantity of 
common air, by which the former is carried off, 
and the pernicious effects of its accumulation 
are prevented; and this explains the principle 
2 Oo - of 
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of suffocation, and the danger of dass crowded 


: apartments „in which the introduction of com- 


mon air being obstructed, the emanations of 
fixed air, or animal gas, gain the ascendant. 
Priestley, however, says, (that it is pin, 
and not perspiration, which injures che air.“ But 
it seems pretty evident, that both one and the 


other tend to the accumulation of the mephitic 
fluid, | 


Odour, the old chymists said, was an in- 


dication of that which modern chymists haye 


proved to be phlogiston. The most delicate 
flower, as I have already observed, considerably 


injures air. For instance, nothing is sweeter than 


a rose, and yet the effluvia from a rose are far 
from being favourable to the air in which they 
are confined. In a certain quantity of atmo- 


spheric air, the air they would yield would be $0 
. . noxious, that an animal would immediately 


expire in it. And hence the odours which arise 
copiously from bodies, without diminishing their | 
weight, may be supposed to be occasioned, not 
by an actual diffusion of the substance, but by 
the modification of the more subtile phlogistic 


spirit which is continually passing through their 


pores. But many of the discharges, especially 
from the surface of the body, and n the 
0p» 
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lungs, are, even in the most 8 persons, in 
a state not very remote from putrefaction; but 
in persons labouring under disease, they are still 
of a more noxious nature? Nor are we to 
stop even here. Fresh meat, even without the 
east sign of putrescency, phlogisticates com- 
mon air to a great degree, and in a very short 
time. This inflammable air, or phlogiston, (for, 
like ice and the vapour of water, they are one 
and the same substance) is rendered pure and 
wholesome, by that which, in a state of decay, 
is equally, if not in a superior degree, deleterious, 
mean the vegetable Kingdom. 5 


Animal substances have at all times a strong 
disposition to puttefaction, while the tendency 
to it in vegetables is slow; and the reason pro- 

bably is, that the air in animals is mostly in- 
flammable, but that in vegetables fixible. How- 
ever this may be, it is an indisputable fact, that 
putrid air is rendered wholesome by the means - 
of vegetation perfectly in health, and the plants 
growing in situations natural to them. + The 
noxious efluvium, or phlogiston, is in some mea- 
sure extracted from the air by means of the 
plants, or the phlogiston of the air unites with 
their W and tg thereby render the 


remainder 
* Adair, Priestlex. 
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remainder more fit for respiration. They, in 
short, imbibe the superabundant -phlogiston; 
for fluid fire, as well as fluid _ is ie * 
N their he e 
In the b economy of nature we in 15 
manner see, that one substance purifies another. 
Thus fire purifies water. It purifies it by dis- 
tillation, when it raises it in vapour, and lets it 
fall in rain; and farther still by filtration, when 
keeping it fluid, it suffers that rain to percolate 
the earth. * Animal substances, when mixed 
with earth, and applied as manure, are converted 
into sweet vegetables; and putrid substances, 
mixed with air, may in the same manner be 
supposed to have a similar effect; but flowers 
and fruits, we have already observed, and even 
the roots of plants, when kept out of ground, 
generally yield bad air, and contaminate the at- 
mospheric air, especially in the night. Yet, the 
leaves of these plants, while growing, struck 
by the rays of the sun, are sources hene ex- 
| bale a eontinual torrent of 1 15 e 
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zun bas n his apponendce; and cease, in ge- 
neral, with the close of the day. In a clear day, 
they yield more than when it is cloudy. It is 
also greater when the plants are more exposed 
to the sun, than when they are situated in shady | 
places. From all which it is demonstrable, that 
- whe- damage done by plants in the night - time, 
is more than counterbalanced by the benefit 
they afford in the day-time. By a rough | calcu- 
lation, it has been found that the poigonous air, 
' yielded during the whole night by any plant, 
could not amount to the one-hundred part of 
the dephlogisticated air, which the. same plant 
yielded in two hours in a fine day. Plants, in 
themselves, do not generate dephlogisticated air, 
they merely filtrate the common air, and sepa- 
rate the phlogiston from it; which phlogiston is 
absorbed by the plants, and incorporated into 
their nature. In this operation they do just 
the contrary of what is performed by animals: 

they in their vegetation absorb phlogiston from 
the air; whereas animals, by their respiration, se- 
berate the phlogiston from the bodies, and give 
it to the air. Hence it is that, phlogiston be- 
ing one of the principal nutriments of vege- 
tables, vegetation is 80 strong in the neighbour- 
hood of large towns ; for large towns, from the 
number of fires, the breathing of multitudes, 
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the latter shall have lost its colour, be Felloy, 
sickly, and drooping. . e,, 


— * 
* — 3325 4 — 1 
rr 2 


D 20 x 3 n 4p 2 <->. i 4 2 
e . . 
* £ 2 ů——— —— p xs. 8 — 
— 


3 LETTER | XE. 5 


and various other phlogistic processes, send into 
the atmosphere a prodigious quantity of phlo- 


giston, which being afterwards precipitated, or | 
caught by the leaves, gives them a vigour and 
growth greatly superior to those in the country; 
of this you may easily be convinced by experi- 
ment: for, put two vegetables under glass jars, 
as nearly alike as possible, and serve the one 
with⸗ phlogisticated, and the other with atmo- 


spheric air, the former you will find shall be 


The very weights of phlogisticated anddephb 


gisticated airs, as we have already seen, are cal 
culated by nature for our benefit; for the former 
being specifically lighter, tends directly upwards, 

and consequently continually recedes from us; 
. whereas the latter, being specifically heavier, 2 

soon as it is yielded by the leaves of plants, 


tends downwards. In regard to vegetation, 


observes Priestley, It is remarkable, that well 
have been injured by being cleansed. I be 
green matter which sometimes is seen to grow 
on the top of the water, in many instances, 
Says *. oY, * the water . "IM 9 8 


= Cavallo, 


. TT @© 


oy **. 


* phlogistic batte ck it discharges i in 0 | 
tendency to putrefaction. Fake that green sub- 


Stance away, and the water will become feetid, 
and unfit for use, an 
ades and top of the reservoir of wit: 


thall again 


grow foul. This was Priestley's idea some years 
es of the 


ago, but I do not know that he continu 
dame opinion. Many naturalists, Ve 
conceived: this substance to be 


nor vegetable, but to be merely an Weriel or - 
gazous cum. Ingenhouz, however, on the 


contrary, conceived it tobe a vegetable, a species 
of delicate moss; but chey probably all were 
mistaken as to its real nature. Later expe iments 
prove it to be an animal substance, à mass of 


scarcely perceptible: green animalcula, which 


have a very short existence, "terminated in be- 
ing clung together by a gluten that seems to ex- 


| ude from their own bodies, and which thus Hh 


forms the crust on the surface of the water. 


This production, indeed, is wonderfully to be 
augmented, by putting any substance into the 


vater which is in a state of puttescency. 
And in this, we have another striking instance 


of the wise and stupendous plans of the Creator, 
who has thus ordained, that in the midst of pu- 


trefaction, which has a natural tendency to con- 


| taminate the air, a race of beings should be 
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brought into existence, d e counters 


those pernicious effects, by diffusing the pures 


air through the atmo This yerdure, or 


chain of animals, — on the surface 0 
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: ordinary. properties of vital air, there is 0 an 


ciple, whose applications are very inter 
be known. In most combustions, the origeon 
gas, agreeably to Lavoisier's theory, 
fixed and concrete. It therefore aband 

caloric which maintained it in the getiforn 


state; and this caloric being set at liberty, pro- 


duces heat, and endeavours to combine itself 
with the substance nearest at hand. The disen- 
gagement of heat is, therefore, a constant effet 


in all the cases wherein vital air is fixed in bo- 


dies; and. it follows from this principle, 1. That 


heat is most eminently resident in the oxigenous 


gas, which maintains combustion. 425 That the 
more oxigene is absorbed in a given time, the 


stronger will be the heat. 3. That the only 


method of producing a violent heat consists in 


burning bodies in the purest air. 4. That fire 


and heat must be more intense in proportion 3 
the air is more condensed. 5. That currents of 
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air are necessary to maintain and expedite com- 
bustion. It is upon this principle that the 
theory of the effects of the cylinder lamps is 
founded; the current of air, which is renewed 
through the tube, supplies fresh air every in- 
tant; and by continually applying a new quan- 
ty of oxigenous gas to the flame, a heat is pro- | 
duced sufficient to ignite and destroy the smoke. 
On the same principle is likewise explained, the 
great difference which exists between heat pro- 
duced by a slow combustion, n which f is 
afforded 7 OO bustio od 9) 
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"AFTER all that I "a advanced, on \ the 
| subject of air, in the style of the old school in- 


deed, but not, I hope, without ieee ac- 


curacy, I still think it necessary to be some. 
what more particular on so important a question. 
Bergman, to whom science is so much indebtec 
treating of the aeriform fluid, says, „By the 


U 


term aerial form, I understand such a subtiliza- 


tion of a body, as renders it elastic, pellucid, 
invisible, light, and permanent, in cold, though 


not capable of passing through the pores of 
glass. Vapours, which constitute imperfect 


55 kinds of air, are condensed by refrigeration; on 
the other hand, we have elastic fluids, which 


may not be improperly stiled ethereal; to such 
neither the pores of glass, nor of any other 
known body, are impenetrable. To these be- 


long the matter of heat, and the magnetic fluid. 


The electric fluid easily penetrates all bodies, 
except electries per e. Moreover, light seems 
to be something intermediate between aerial and 
ethereal substances; for it passes through the 


pores 


eve 
ner 
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pores of da but x not . of metals, and 


other a substances:” | 
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We wad see, ahi WOW term PO is not en- 
tirely confined to the fluids, 'which we are en- 
deavouring, to investigate. But as these ele- 
mentary distinctions will more properly occupy 
our attention at a future moment, we shall still 
confine our attention to those permanently 
elastic fluids, generally known by the name of 
air. In enumerating some of these, we have 
lightly touched upon the noxious, as well as 
upon the beneficial airs. There are a few others, 
however, of the former class, which it is essential 
to be acquainted with. And in the first instance, 
let me call to your recollection, that the air in 
which metals are burned, is at all times highly 
phlogisticated. For it appears demonstrated, 
that in the calcination of metals there is nothing | 


more than a combination of the metal with the 


pure air contained in the atmosphere, which con- 
quently vitiates it. Let me request you like - 
Wis, to bear in remembrance, that the air, the 
most agreeable to animal life; is that which par- 
takes least of sulphur; ; for sulphur, and all-the 
modifications of it, (at'least the aerial) from what- 
ever sources they may arise, whether from mi- 
ns under the carth, whe eg, grounds, 
* 3 or 
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or amoaking chimnies, i is noxious to the lung, 
and will generally have an ill effect on animal | 


Ko 


respiration. And hence the reason why char. 
coal, which, according to Bergman, is nothing 
but a rem of phlogiston and aerial acid, 
(99 parts out of 100 being phlogiston) and a 


species of sulphur, is so greatly pernicious, 


TFThe hepatic air, says Mr. Kirwan, (“ is a 
actual sul phur kept in an aerial state by union with 


the matter of heat. It is obtained from combing: 


tions of sulphur with alkalis and other substances 


Its most obvious characteristics are, à pecu- 
- larly fœtid smell; inflammability, when mixed 


with a certain proportion of common, or nitrous 
air ; miscibiliry with water in a certain quantity ; 


and a power of discolouring metals, particularly | 


silver and mercury. This air acts an important 
part in the economy of nature. It is frequently 


found in coal - pits; and Bergman has she wn it to 
be the principle on which the sulphurous pro- 


perties of mineral waters depend. There is also | 


reason to think, that it is the peculiar produ@ af 
the putrefaction of animal substances. Rotten 
eggs and corrupt water are known to emit the 


smell peculiar to this species of air, and to dis- 


wolve metallic 5ubgtances in e S000 0006 
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Bes ide these fluids, which have been within 
these few years discovered, there was always 
known a factitious air, which lies at the bottom 
of pits, which is heavier than common air, ex- 


tinguishes candles, and kills animals that breathe 


in it, and which miners called cheat damp.* 
There i is also another factitious air, lighter than 
common air, found near the roof of subtertaneous 
places, which being apt to take fire, and ex- 
plode like gun- powder, they like wise called fire 
damp. These, like the others, throw men into 
convulsions, which weaken and exhaust the vital 
powers, much more than the most vigorous vo- 
luntary action of the muscles; and ee the vis 
vite becomes drained. 


1 has been pn ed; that one 
use of the lungs is to carry off a putrid efftuvium, 
vithout which, perhaps, a living body might 
putrify as soon as a dead one. The inhaling | 
mephitie air undoubtedly occasions a coagul- 


of the blood through the whole system; and chi T7 


of course choaks up the finer, and afterwatds 
the larger vessels, until convulsions efisue, and 
finally-death. It long, indeed, puzzled philoso- 
phers, why the blood in going from the heart 
to the —_ rs be thick and deeply co 
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: . Priestley. 
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1 and that on retur | foot abs lungs 
to the heart, for the purpose of general cireula- 
tion, itshould be attenuated and florid. Priestley 
at last found out the cause, and proved it to be 
owing to a superabundant quantity of phlo- 
giston, which no sooner gets from the heart to 

the lungs in the blood, chan the air of the 

lungs there ee and dissipates it. With. 

out respiration, says Priestley, « animal; 
would die; but the same air, will not long 
answer the purpose; for if it has been frequently | 
respired, the breathing of it is as fatal as the 
total deprivation of it.” Respiration is a phlo- 
gistic process. The use of the lungs is to carry 
off the putrid efluyium ; or to discharge the 
phlogiston, taken into the system with the ali 
ment, the air respired serving as a menstruum 
for that purpose. The blood, indeed, is Pro- 
bably the means by which it is effected, as it i 

a a fluid wonderfully formed to imbibe and part 
with phlogiston. The redness of the blood is | 
caused by air. Expose it in vacuo, and it is 
black; re- expose it to the air, and it re- assumes 

its redness. The blackest parts of the blood, even 
of an animal, assume a florid red colour in com- 
mon air, and more especially in dephlogisticated 
air; whereas the brightest red blood present) 


6 becomes black in "7; kind of air that | is unfit 
for 
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for respiration, by not possessing the necessary 


portion of fixed fire. And hence alkaline salts, 
&c. applied to the venous blood, will imme- 
diately change it to the colour and "qualities 
of the arterial eee fe eh 


Ne then 8 Jem: 2 
clares, on the other hand, he knows of no expe- 
riment, which directly shews that the blood im- 
parts phlogiston to the air. The air he acknow- 
ledges to be corrupted ; but that this can only 
be effected,“ says he, © by phlogiston, is a mere 
supposition. On the contrary,” he observes, 
that by the contact of blood, nitrous air is de- 
pblogisticared, and atmospheric air is meliorated.” 
Now, to which side to lean between these cele- 
brated men, it is hard to determine; though it 
almost incontestably appears, that the vermi- 
lion colour assumed by the blood in the lungs, 
is owing to the pure air, which combines with it; 
and that a focus of heat really exists in the lungs, 
which is maintained and kept up by the air of 
respiration. The phenomena of respiration 
Seem, in fact, to be perfectly analogous to those 
of combustion. The wisest way, perhaps, is 
to leave the opposing opinions as they stand, 


upon their own foundations; and to be satisfied 


Dr. Harrington. 
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ane in which they agree, that the 


air 50: imparted: by the animal system is me- 


phitic. The animal man (and that is $ufficien | 
for us here) is supposed to perform fourteen 
spirations and fourteen expiration in a minute; 


in 


that is, he is thought to perform one inspiration 
for every seven or eight pulsations of the heart; 


and the mean number of pulsations may he” com: . 
_ at W PEE minute. | | 


4 
When we consider this, and avis the 
quantity from all animated beings ; when we 
consider that a common candle exhausts a gallon 
of air in a minute; when we consider the amaz- 


ing consumption by fires and volcanos, the rege · 


neration of it must be conceived enormous. 
Flame cannot subsist without change of air, ex- 
cepting in substances into the composition of 


which ire enters, for these will burn in vacuo, 
in fixed air, and even under water, as is evident in 


fireworks; nor without it ean animals exist, ot 


vegetables flourish. - Fresh air, in fact, is more 
immediately necessary to the life of may (for 
there are some insects and other creatutes that 


can live, and even delight in the mephitic atn 
;phere of putrescency) than food; for # man 
may live two or three days without die lber 
but not many minutes without the former. This 
3 8 2 


—_ — — 72 — ax — 


* 


vivifying — vent to the support of 
man, and to the support of flame, we have al- 
ready seen to be the dephlogisticated part of the 
atmosphere. The common atmosphere, of 
course, may well be supposed to be more or less 
healthy, in proportion as it abounds with this ani - 
mating principle. Hence the fulness of health 
in the country, where this air exhales, in copious 
streams, from the green leaves of all kinds of 
vegetables; and the contrary in cities, where 
noxious animal effluvia and Ahoy abound. * 


Not that his Mater ide is to is implicit 7 
ly or even without strong exception, received. 
On the contrary, it is liable to considerable; 
though not, perhaps, overpowering objections. 
The sum of air consumed by the fires of Lon- 
don, for instance, in one year, has been com- 
puted at two hundred and thirty thousand mil- 
lions of cubic feet · . Hence these obvious re- 
flections may be made; that the daily consump · 
tion of air, in a populous city, must occasion an 
indraught of air, from all the adjacent parts, s0 
as to form sensible currents of wind, which will 
be much increased by the perpendicular ascent of 
the rarefied and lighter air, which will be con. 
stantly going off in upper currents of a con- 

trary 

. Fothergill, 00 — of the Elements. 5 
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may probably contribute more to keep such 2 


enough to receive the benefit of the circulation, 


than all the noxious fumes that are raised there 
can do to infect the atmosphere, and render it 
unwholesome. I am aware, indeed, that the 
smoke of common fuel (not to say any thing of 


the breathing of animals and other phlogisti: 


processes,) is, besides the water which rises first, 


an heterogeneous matter capable of ignition; in 


short, an inflammable air. I know, likewise, 


that coal yields near a third of its weight in 


air, and that near five hundred thousand tons 
of this air is calculated to be dispersed in the 
atmosphere over London, and that it is supposed 
to be a fourth part * of the whole quantity of 
air which is respired by the inhabitants of Lon- 
don in the course of a year. The levity of the 
mephitic air, and the constant rarefaction of the 
atmosphere of great towns, however, will always 
be the certain means of an incessant renovation 
of good air from the country, to replace that 
which shall have been exhausted. At the same 
time it must be acknowledged, that the pure ait 
in the atmosphere of the country, exceeds that 
in the atmosphere of a r city. Berg 

5 man, 
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man, from experiment, (Gotlaress that the air of 
the country is two=thirds'of fixed and phlogisti- 
cared airs, and one third of dephlogisticated 
air; but that the air in or near olties bor much 
more coor ee | oP 26: A. 2 on d 


But, 4 very accurate ada enden en 
vations of Doctor Ingenhouz shew, that it 
is not from the country, or even by residing 
in it, that the air most beneficial to human ex- 
isence is to be found: for he declares, that the 
air at ea and close to it, is in general purer, and 
fiter for animal life, than the air on land, though 
it seems to be subject to greater diversity in its 
degree of purity than that of the land: and that 
probably, the air will be found in general much 
purer, far from the land than near the shore, 
the former being never subject to be mixed with 
land air. But, yet I should doubt, whether 
local situation, particularly low ground; might 
not be adverse to this doctrine in a general sense. 
By the heat of the sun, an acid vapour, We 
know, is exhaled from the sea; for such is po- 
tively proved, from the different states of the 


amosphere in hot and cold climates.“ For in- 


«ance, in Hudson's Bay and Russia, metals 
tardly ever rust; whereas in warmer regions 
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= they. always: do, as well as in places abound 
=_ with salt springs. Be this, however, as it muy, 
= it is the variation in the pressute of. the atmo. 
360k EP sphere, which in common affects animals, ezpe, 
= | cially those of the human species. Thus in 
ee rene, clear weather, when the atmosphere is 
1 more heavy, we are generally more chearful and 
1 vigorous; the greater weight of the atmospher 
_ _—_ bracing our fibres much hetter : but in foul and 
' 15108 BE rainy weather, when the bares low, we 
within the body being counterbalanced by a x 
less external weight, distends the body, bo m 
occasions flatulencies, pains, and uneasin 
Besides this, the symptoms observed in our WY tt 
bodies in bad weather, may be in a great mes ed 
zure supposed to be owing to the' dampness. of qu 
the air at the time.* In the winter, when the ha 
weather is clear and frosty, gs Hos ap 


bably, because the corruptio 

8 Ts ts er and in 2 great At 

WEE. - measure hindered by the cold. In autumn, on 

8 | the contrary, when a vast variety of vegetable 
and animal substances are hastened in dissolu- 
tion and putrefaction Wy baer, isture, the 

air is less n. $5.24 
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The | ded of the. air has at all tices: 5 
urprizing effect upon the animal constitution · 


above the level of: the sea, this effect becomes 


«riking, . The muscular force becomes ex 


ed; an universal faintness and lassi ende prevaily 

the limbs, without frequent repose, refuse to 
perform their functions; che heart beats with 
in oppressive töpidity. Tbis zs all Ocessiongd 
by the diminution of the compress ive force of the 


iir on the surface of the frame, whence the yessels 


suffer an unnatural -dila 
may be suppose 


ation. For instance, we 


having a fresh circulation of atmospheric air in 
zpartments, Which have had fires, lights, and 
company, each of w 
hausting the heavy, and in augmenting the light 
air. Not that fires, in all instances, ate to be 


considered as injurious, but the contrary; for. 
although they may owe their energy to the good 


ar which they destroy, they yet must be allow- 


dd to be agents well qualified for the puriſica 


tion of the atmosphere, for the acid they furnish 


combines with the Wet particles, and destrays 
their 


}, ordinarily to bear a weight 
upon our bodies of 22033 pounds of air; hut at 
the height of 7 50 feet, this weight is ditninish+ - 
ed 5508 pounds, even ounces, or exactly one 5 
quarter. And hence the absolute necessity of - 


nich act powerfully in ex» 
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says, «that from the gravity of f 
lows, that the lower strata of the att : phe 
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their power. The Egyptians, it chould 4 seem, 


were very early acquainted with this efficacy 


fires. The Greeks also were early ee 
on the subject. Acron, we are 
5 greatest honour, during the raging of api 
at Athens, by ordering fires to be kept up ner 


each person that was affected. Hippoecrates 


went further, and had fires lighted up in erer 
enen 2 in "_ n —— ebe 
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me in ceomederlüg the eisen most 
probably endowed with the purest atmoiphi 


must abound 1 more ith. it thas gas 


— e effervescen 
other natural operations every day 8 ah * 
the most part remains close to the surface of the 


earth, and this must be again fixell hy the'conti- 
nual generation of new bodies and hence, con- 
cludes he, the reason I imagine is plain, why 


higher Situations 28 . in general e 
_ Noe: ones. > 24 N e Bl 14 75199 e 3: 
: 2305 Wy f 1 5 6. 


The long li life of tan; eee 3 


bend upon the goodness of the air which be 


daily respires. The best aliments are not able 
s e 


* 1 : 4 We 
© up « * E 2 


15 : | N * F ; | ' | 4 | 
to guard us against disease in bad air, or in an 


unwholesome country. The atmosphere that 
lies over the surface of the sea, as I have already 


aid, is the purest; and this probably arises 
from the absorption of the mephitic particles 


by the mass of the waters. The air of the coun- 
try is, in general, somewhat better than that of 


towns. Marshy grounds are, from their nature, 


unhealthy ; and they are most so, when not 
cultivated. Good even suffered to run 
waste, is injurious to man. Of this you have 
an instance in the Cumpagna, and in the envi- 


rons of Rome. The insalubrity of the air, 
which is experienced in these parts, is in = - 
great measure owing to the want of cultivation; 


and to the want of trees and vegetables, which 
would feed upon the bad, and return to the 
atmosphere a dephlogisticated air. This insa- 
lubrity, as you well know, is felt most in the 
zummer, and in the night. During the day, 


the heat of the sun rarefies the air, and dissi- 
pates the mephitic exhalations. In the night, 


the Septic or putrid exhalations, indeed, conti - 
nue; but they hover round the dwellings of 
men, for there is no heat to raise and to dis- 
perse them. Even those which had risen during 


the day, fall again upon the earth. All hot 
countries, that are low and damp, and not well 
or. 4. f) WR. 
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ate quite the co 


| when the heat is pushed high, * —— io 
20 oonsiderable, 8s to form flammable 


cultivated, are always unwholesome. 95 


rocky, sandy countries, even without vegetation, 
. If near the sea, so much 


the better. Hence vin unn 5 oy situ 


— 


tion of Gibraltar.* $04 1 


* 1 4-- 
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Bar, hers it cate bed, Fa edi 
are concentrated, held, and ultimately set loose? 
The generation of airs is owing to the concen- 


tration of fire; for the airs are produced in that 


regular order, which is conformable to the 
quantity of fire they possess. For instance, 


let us take the air from lime- stone. First, fixed 


air is expelled without any impregnation; 


next, phlogisticated air, with sufficient to neutra- 


lize the acid; then dephlogisticated air, with an 
higher impregnation; and at last inflatable 


air, which always varies with its substance, 
with the highest concentration. Vegetable bo- 


dies, 1 


ndeed, as we have seen, are principally 
formed of the vegetable acid, with water and an 


earthy base, and these attract the fire of the sun, | 


and: concentrate it. When these again are ex- 


posed to the fire, the fire is attracted and con- 


ATC O! 13 and 


centrated hkewise, and forms 


\ * 


. Ingenbour. | 
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but if an over proportion of water enters, a 


proportiondlly less quantity of fire enters, and 
thus fixed air is formed. Hence it is also, that 
phlogiston and the nitrous acid form nitrous 


air; but, by adding a greater proportion of phlo- 


giston to the air already generated, or before its 
generation, it will produce either inflamm̃able 
or empyreal nitrous air. The same happens 


with regard to the vitriolic acid air. In the 


marine acid air, it is the same: by exposing it 
to iron, it will reduce the iron into a calx, 
cizing upon its phlogiston, and forming inflam- 
mable air. Every chymical process is a proof, 
that fire is i united with acids. When 
exposed to a strong heat, they become aeria- 
lized into phlogticaed, e or fixed 


alrs,* 


Swamps, morasses, and undrained and un- 
cultivated lands, let me again repeat it, are 
fatal to the health and longevity of man. They 


zend forth the seeds of pestilence and death 


upon the wings of every wind. They are the 
most certain, and the most durable calamity, 
that ever afflicted the human race. In every 
gale, the whole mass is tainted with putrescency, 


and teems with variety of life The living at- 


T2 bat W 8 | moophert, 
* Dr. Harrin nn Harrington, c 
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mos os, instead 4 the pabulum vite, be⸗ 
comes the indiscriminate dispenser of pain, 
sickness, and animal dissolution. In short, 
every thing becomes pestiferous. Of the eſfed 
in a smaller degree of corrupted air, a familiat 
instance occurs in cretins and goitres, which 
are chiefly found in those countries where there 
is a rank vegetation, and where the atmosphere 
is extremely humid, in consequence of nu-- 
merous lakes, water-falls, and rivulets, Which 
emit powerful exhalations through the influenceof 
the sun's heat, while they are excluded flom 
every drying wind. They, for example, who | 
inhabit the deepest and most recluse vallies, 
are reduced to the lowest state of imbecility and 
idiotism. In those which are somewhat more 
elevated, the mental powers are not 80 eom- 
pletely obtunded; and others still more elevat- 
ed, and exposed to fewer exhalations, and more 
$alutary winds, will merely be deformed” with 
wens and swellings about the joints. They who 
are nearer to the summits, are perfectly exempt 
from all these appearances. The inhabitants of 
more healthy vales may, indeed, become cretins, 
| by residing in such unhealthy regions; but, it 
is at the same time more than conjectural, that 
the race of cretins may be meliorated, by trans- 


planting them to a more salubrious soil. Al 
; ; : * : 3 ; | | | this 


this you may obere among ths. Alps, or, as it 


5 tains of Stiria, Cerinthia, and Carniola. | And 
a WI fo" still go further, you will find that direful 


scourge, the plague, propagated or destroyed 


enced, or entirely ceases, in the winter. In Egypt, 


infallibly ends in the month of June. This ap- 
parent contrariety, however, is to be explained 


there is very severe; and the summer revives it, 
because the heat is very humid, ori account of 
the seas, forests, and adjoining mountains. In 
Egypt, the winter nourishes the plague, be- 
cause it is mild and humid ; but the summer 


at- 
pre destroys it, because it is hot and dry. It seems 
ith to act on it, as it does on the flesh of animals, 
ho "q 


Which it does not suffer to ee * 


0 not willingly FIR a word here, 
which in any respect might be liable to the 
construction of prejudice, or national partiality; 
withhold the remark, that it is a practice not 


"oy e 
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more powerfully struck me, among the moun- 


by similar causes. At Constantinople, it pre- 
vails during the summer, and 15 greatly weak 


on the contrary, it is most violent in winter, and 


on the same principle. The winter, destroys 
the plague at Constantinople, because the cold 


but, I feel too strongly the impulse of truth, to 
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always rational, though common among us, to tc 
send bur invalids annually to Italy, or to the 


southern parts of France. Is the deadening 


sirrocco wind, which is immediately succeed - 


ed by a tramontana, the bise, or, in short, the ya- 
_ riable extremes of hot and cold air, which one 


Is exposed to in the neighbourhood of the Alps 


and Apennines, the salubrious stream by which 
a sick man should be surrounded? Sudden at- 
mospherical trans itions are most pernicious to 
human nature. In every climate, they are in- 


jurious to the frame. In England, indeed, 
which is temperate, their influence is generally 


exerted on the relaxed and weak. But in 
England, who does not feel the easterly wind? 
ee At Lausanne, says Dr. Moseley,“ Tissot told 
me, the transitions from heat to cold are there 
sometimes so great, that invalids and conva- 


| lescents feel considerable ill effects from them ; 


and that in pulmonic disorders, those changes 


have produced the most dangerous consequences. 


Why then expatriate one sick person? Why se- 


parate him from his friends, and hurry him into 
a climate more fickle, and cansequently more un- 
wholesome than his own? Towns, within the 
reach of winds from the Alps, Apennines, Py- 
renees, and other high mountains, at some sca- 
ons of the year, are graves to people who re- 

5 : sort 
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Sort to them, in decays of the lungs. In those 
zcrophulous and consumptive habits, to which 
our atmosphere is inimical, sea voyages should 


be made, and islands should be resorted to, 


where the climate is uniformly warm; such as 


Madeira: or others still in warmer latitudes, 


which have been known to succeed better. Few 


diseases originate in England, for which the 
climate of England, with change of place, is 

not equal to any other. Foreigners have an erro- 
neous notion of our climate. Perhaps our at- 
mosphere is not mild enough for the tender 
fibres of weak bodies; but, take it for all and 


all, there is not a better climate on the ha- ; 


bitable globe. For by what fairer comparison is 
a climate to be estimated, than by the corporeal 


and mental faculties of those who are nurtured in 


it; and in which almost every species of animal 
arrives to the utmost Fee * 


But, I now will take my 3 and sum up i 
our aerial dissertation in the words of a cele- 
brated physician. P * It is supposed, and I be- 


lieve justly, that more of the offensive particles 
are swept off by the air which has been received 
into the Iungs, than from the whole surface of 
the body besides: and this is the reason, why the 


— 


T4” „„ 


air we breathe is 80 soon contaminated, and 
dered unfit for the support of life; and this in 


. proportion to the air being less pure, previous 


to its being inspired; because thus tainted, it is 
sooner saturated with the noxious matter it takes 
up in the air cells of the lungs, and therefore 
carries off a smaller proportion in a given time: 
whereas, a purer air would unite with, suspend, 
and discharge a larger quantity, and thereby pre- 
vent the dangerous effects of their retention. 
Hence it is, that a moderately cold and dry air is 
the most wholesome : for the lungs, like the 
- funnel of a stove, discharge the foul air, by 
means of the cool air ie by W in- 
spiration. | 4 | 
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FROM fire and air we now naturally turn to 


the element of water. Water, in general, im- 


plies a pellucid fluid, convertible into ĩce by cold 
at 32 degrees of Farenheit's thermometer, na- 


turally pervading the strata of the earth, and 
flowing or stagnating on its surface. It is 


usually divided into two general kinds, the sim- 


ple and medicinal. Simple or pure water, in 
the strictest sense of the word, is not met with 
any where. Heterogeneous matter, and that in 


a large quantity, may be separated from such as 


appears the purest and most simple. But we in- 
clude, in a more general manner, under the first 
of these terms, all those waters which have no 


smell or taste of any extraneous matter, nor any 


particular effect on the body; and under the 
latter we include all those whose smell, taste, or 

other obvious qualities, denote their containing 
saline, metalline, or other mineral particles in 


them, and whose effects on the body correspond 
with these notices of their contents. In a word, 


we may look upon that water as most pure, 


whick 


n 
| 
25 
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115 
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which is limpid, without colour or smell, breaks 


soap readily, boils pulse soon and tender, which 
freezes readily, and does not encrust the bottom 
or sides of vessels in which it is boiled. And 


hence the water which is raised in vapour, and' 
as it were distilled by nature, is of the purer 


kind; whilst that from ice is the purest of any, 
as the grosser mineral and heterogeneous par- 
ticles which all waters contain in a greater or les 
degree, are probably excluded. The sailors to 
the Greenland Whale Fishery, who for many 


months have no other than ice water to drink, 
have always found it so. Our intrepid and ce- 
lebrated countryman, Captain Cooke, m— 


- this to an e anne 


In the ih arrangement of che elementary 
principles of nature, the Almighty Ruler of the 
whole, we may with humility conclude, did not, 
in the separation of the respective masses, ren- 


der the two oceans of water and air, so wholly 


discordant from each other, as that they should 
be incapable of contracting an union. On the 
contrary, they have such a disposition to unite, 
that it has long seemed to ingenious men, chat 
they have had a common origin, and that if 
it were not for the intervention of heat, they 
would e unite, and again compose 4 

common 


2. 
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common masss. * The water on the a of 
the earth is constantly replete with air, and the 
atmosphere is replete with water. The nume- 
rous tribes of aquatic animals, which inhabit the 
ocean of waters, would perish if it contained 
no air; and it is no improbable conjecture, that 
the animals which exist in the ocean of air, 
would perish if it contained no water, 


through all ages, been considered as an element, 
because it was always deemed impossible to de- 
compose it, and because it was to be extracted 
from almost every substance in nature, Found 

under three forms, ice, fluidity, and vapour, it 
seemed one of the great agents of this terrestrial 
world. It served to form mountains, to kindle 
volcanos, to dissolve saline substances, to pu- 
rify and to load the air, and to crystallize par- 
ticles of earths and minerals, 30 as to render 
them solid and considerable bodies. Ice, how- 

ever, was looked upon as its primitive state; for 
the first state of a body, at least chymically con- 
sidered, is that in which it is in the greatest 

possible aggregation. Thus ice must be the 
aqueous element, not water, which is a com- 
. Of chis . state of water, these 
| few 


* Bickop Waise. | 


As we have already ch water 5 185 


er, 


o 

. 

ot 
1 
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a few circu mstances, out of a great many, may be 
considered. In forming into ice, water 25 a 


| © metically sealed, will freeze but slowly. Tee 


| with alr, and with ralts, * 


general mass of the ocean, it was never found 
' Freed from phlogiston. As an aerial substance, 


Proceeded the moisture which was frequently 


This was, however, attempting to explain scien- 
tifically what was not certainly understood; and 
-1 merely mention it to shew, that though 30 
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heat, because it is a fluid becoming solid. 
favours the production of ice, for water, her. 


swells to a larger size than the bulk of the wa- 
ter before its congelation, though it has less 
weight than the water, upon which it can float, 
Its elasticity is greater than that of water, and 
its savour is much more pungent. And, lastly, it 
has a strong propensity to combine with lit, 

But water in its fluid state, in which we are 
for the present to investigate it, was always 
known to be upheld, not only in the earth, but 
in the atmosphere, by particles of fire. In its 


however, it was generally believed to have had 


a strong attraction to various matters, such as 
marble, glass, &c; and that from this attraction 


observed to be generated upon those subst. 


og 
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long ago as Aristotle, this phænomenon was „ 
geniously accounted for, it yet was supposed to | 
require . something more for the conviction 
of the experimentalist. Aristotle, speaking of 
it, says, Elements which have one common 
origin easily change from one to another; you 
have only to destroy the principle, which causes 
the separation.“ For instance, let a foreign body 
dispossess water of its coldness, and communi- 
cate to it heat, it immediately assumes the 
characteristic of air. On the contrary, as in 
elevated regions, let this air be deprived of its 
heat, the particles return to their original cold - 
ness; they assume their original form, and in 
such shape fall upon the earth in rain. 71 


The moisture, therefore, thus obseryable up- 
on certain substances, so far from being attracted, 
was rather stopped by them. They offered a 
free passage to the fire, while they refused ad- 
mittance to the water rarefied by it. Thus, when 

there is more fire in the air contained in a room, 
than in the wall, the fire endeavours to expand 
itself equally, and therefore cannot penetrate into 
the narrow pores of the marble, without leaving 
thousands of particles of water at the entrance 
of these passages. And hence the reason why a 
glass, OY cold water e into it, appears 
_— 


* 
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cloudy. The water contains less fire hk the 


|  externalair. The fire from the air, then, expand- 


ing itself through the-pores of the glass, leaves 
the water hitherto supported by the action of 
| the fire, which 1s refused admittance, and con- 
sequently appears in drops upon the surface. 


Pour out the cold liquor, and a moist cloud will 


appear on the iid ofthe glas, a it did befor 
on the outside, because all or the greater part of 


the fire, lodged in the substance of the glass, 
being dispersed in the cold liquor, that liquor is | 


no Sooner poured off, than the fire contained in 
the air penetrates both sides of the glass at the 
same time. Yet, when the aeital fire has once 
regained its equilibrium, the former —_— 
- ances wal ceass e. ; 


Fran this bee ine wh the natural effets 
of the fluidity of fire, many important ques- 
tions, it was conjectured; might be resolved. 
During out late researches, however, we had 


oecasion to look somewhat closely into the two 
most dissimilar permanently elastic fluids we are 


acquainted with, the phlogisticared and, de- 
| phlogisticated airs. Philosophers, in experi 
unit; inflammable air having been 


Spect. de la Nat. 


found to 
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change into vital air. Hence they contended, 
that they formed an aerial acid, or when in 4 
large proportion, à corrupted air; by which 
change a great quantity of specific heat was ne- 
cessarily let loose, and being accumulated, pro- 
duced ignition, and even flame, when inflam- 
mable air was present. x Scheele contended 
that vital air might be totally changed by phlo- 
giston into the matter of beat. © Both" opinions 
were supported by strong arguments, and Kir- 
wan was of the first. But as Bergman's very 
able translator says, I must confess myself 
ignorant of any good reason for believing phlo- 
gisticated, foul, or corrupted air, to be a modi- 
fication of vital air.” Notwithstanding which, 
the opinion was pretty generally adopted, and it 
was believed that fixed air was generated in 
phlogistic processes, ph wad union doc vital ait . 
with fame e , 
But during this ane of the ahior of 
these airs, it was little imagined they would be 
declared to be constituent parts of the body of 
water. Cavendish was the first with us, who 
promulgated this extraordinary fact. He ima- 
gined he found, that passing th: electric spark 
through phlogisticated and vital airs, he reduced 


* 1 


Bergman. 
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6 : ; This kr gar of airs into water, by Ca- 
vendish, soon drew the attention of the ingenious 
of all nations. It was every where tried 
believe every where generally subscribed ta, ex- 


dephlogisticated and inflam 
rather that air regults. from: the, combinati 1-01 


ments, on which Cavendish and Lavoisiet's 
theory of the composition of water is founded, 
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them * to water. In fila; trials; a aim 
nution of bulk was at first observed, inso 


1 that where five parts of vital air were er 


three of common air, almost the whole disappear- 


ed: but, when phlogisticated was substituted 


for common air, the whole product then appear. 


ed as water; more than forty-nine parts in fifty, 


Thus was he enabled, as he conceived, -to;shew 
that vital air was the same thing as water depriv- 


ed of phlogiston(: and that the union of phlo- 
gisticated and nee air e the 
element e WAIT; : E 1? adore Es 


4 
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cepting by the celebrated Mons. Achard, who 


thought the phenomenon which had been em- 


ployed to prove that water is a combination of 


Water with the. igneous. fluid. Wherefore, cord- 
ing to him, the decomposition of air must 
produce water, and consequently the | 


cannot be can as 2 proof that water is 


compare 


1able. air, proves 


composed « of the two kinds of air, from 8 | 


combustion it. is obtained; ; a8 the water obtained 


is not the production, but merely one of the 
constituent parts of the mixed air, which has 


undergone combustion. It has. likewise been 
said, that a doctrine, giving t to the oxigene and 


hydrogene gases, two of the most combustible 


bodies in nature, the property of forming water, 


is little less than Philosophical extravagancy: 
the same materials, are moreover given to the 
formation of the nitrous acid. Why, it is asked, 
may not water be considered in fact, as Boyle 


considered it, as an aerial earth, possessing a 
considerable quantity of latent fire? Ice, by 


having a greater quantity of heat thrown into 


it, passes into water; and why may not earth, 


by having a greater quantity of heat thrown 


into it, pass into water also? Moreover, although 
it is the present fashion, not to consider water 
35 one of the kingdoms of nature, why has it 
a better right to be distinguished from a solid, 


elastic, diaphanous substance, than a melted 


metal hath to be distinguished from the same 
metal, when concreted into a solid form? In theit 
different states of fluidity and solidity they will 
baye different properties; but, should they, from 


such accidental changes as are effected by minute 


variations of heat, be referred te to different classes? 
vol. . 5 Had 


N © 6 Ye "Ed oi: 
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Had water been called melted ice, who wotid WM t 
have scrupled to consider it as belonging to 


the mineral kingdom? The reducing quick - c 

silver into a solid, malleable metal, by a degree t 

of cold, was an important discovery in physics. e 

We learn, thence, to consider all fluid bodies, ti 

such as water, Oils, spirits, æther, and probably / a 

the air itself, as convertible into solids, without Wl I. 

the introduction of any frigorific particles, but W 

simply by a diminution of heat; and all solid a 

bodies as convertible into fluids, without suf. = 

fering any other change in their constitution, tl 

except what arises from the volatilization al 

of such of their principles as cannot sustain m 

the degree of heat My es to render * test ti. 

- fluid. 55 e ee 8 fu 

| To all this, however, it is said, that accurate 25 

experiments have compelled chymists to deprive th 

water of its dignity as an elementary principle, 3 

and to class it among compound substances; up 

for that all the phenomena of nature and of art of 

| conspire to prove the same truth. At the same «] 

| 5 time it is allowed, that water may be consi- «, 
| ; | dered as the general cement of nature. Exist- 14 2 
| ing in a state of combination in bodies, it f 


concurs in ne to them hardness and 


* 
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transparency. It n in hats crystals, 
&. which immediately lose their transparency 
on being deprived of their water of crystalliza · 
tion, or their generative water, as it has been 
emphatically styled. Some bodies are indebted: 
to it for their fixity. The acids, for example, 
acquire fixity only by. combining with water. 
In a word, it is agreed upon all hands, that 
water, when disengaged from its combination, 
and in a state of absolute liberty, i is one of the 
most considerable agents in the operations of 
this globe. It bears a part in the formations - 
and decomposition of all the bodies of the 
mineral kingdom; it is necessary to vegeta- 
tion, and to the free exercise of most of the 
functions of animal bodies; and it hastens and 
facilitates the destruction of these bodies, as soon 

as they are deprived of the principle of life. And 
thus, all philosophers, until these very few years, 
in a similar spirit to that of Thales, looked 
upon water as the elemental matter, or stamen 
of all things. Even Newton says, all birds, 
beasts and fishes, insects, trees and vegetables, 
with their several parts, do grow out of water, 
*and watery tinctures and salts; and by putre- 
actions, return again to watery substances. 
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On which soever of PWR coach how- 
ever, this subject comes to be considered, the 
close affinity of the elements; will be demon- 


stratively proved; together with the chymical | 
position, that bodies never blend, excepting 


their natures be different, or they be united by 
the intervention of a third substance. As for 
instance, oil and water will not mix, and pet 
when the oil is combined with a salt, there re- 
sults a soap which is soluble in water. Bodies 
of the same nature, only 1 increase the bulk of 
the same matter. And hence it is, that acid 


salts opposed to alkalis, so intimately combine; 
that we find the same opposition between 


alkalis and sulphur; salts and oil; acids and 


metals; spirit of wine and water; all of which 
have a great tendency to unite, and to fo m 
most intimate combination. * 5 


| K rom — ant 1 its constituent 


parts, let us proceed to contemplate it in the 


aggregate. Fluid 1 in physiology, is an appellation 


given to all whose particles easily yield 
to the least cal pressure, or force impressed. 


Some Philosophers, however, make the follow- 


ing distinctions in fluids: those which flow or 


spread themselves till their surfaces become 


. level 
Fourcroy. 
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in 


se 
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level or horizontal, they call quid, in contra- | 


dition to flame, smoak and vapour, which are 
also fluids, but do not acquire such a surface: 
those which are capable of exciting in us the 
idea of moistness, as water, they call humid: 
distinguishing them thereby from air, quick- 
silver and melted metals. But these distinctions 
are unnecessary; the surfaces of all fluids being 
level or horizontal, when not prevented by the 
bodies about them; and humidity is only a re- 
lative quality; for though quicksilver will not 
moisten, or stick to > your 0p. ens it will to silver 
or gold. | 


The 5 5 of a fluid, as distinguished from 
that of a solid or hard body, consists in this, 
that its parts are 50 loosely connected together, 
that they readily move out of their places, when 
pressed with the least force, one way more than 
another. Whence philosophers conclude, that 
these particles are exceedingly minute, smooth, 


and round; it being otherwise impossible they 


should move with such freedom, upon the least 
inequality of pressure. All particles, considered 


Separately, are supposed to be endued with all 


the common properties of matter, and are | 

subject to the same laws of motion and grayi - 
tation with larger bodies. And, indeed, the 
5 r ». apes 


3 
[i 28 ͤ eee xx. 
I} shapes of e bodies seem [glenrly to torrhs. 
U | rate the globular figure of fluids ; for the figure 
ö [ of a substance, it is to be supposed, naturalh 
if} arises from the figure of its parts.“ Phe Sm 
1 grains of sea salt and of lead are cubical; nitre 
if 1s hexangular ; blood and oil are globular; cor- 
| | rosive sublimate spiculated; and antimony is 
1 in small filaments, like needles. Hence the 
bl! effects of bodies may be conceived to fol. 
b low from the configuration of their particles: 
| * as for example, the spiculated are sharp and 
8 corrosive ; while the globular are insjpid and e 
1 balsamic. Spicular poisons, antimony and a 
l | sublimate, may be rendered inoffensive 4 a 
1 RY their points i in er i in wax. i 
if F i 8 5 
| Liquids' in ge says 1 must + he ec 
it considered as solid molecules, too subtile to be St 
I perceived by the sight, however: assisted; and Ic 
1 on account of their levity, bulk, figure, or by F 
| ll the interposition of another fluid, moveable with W 
'Þ the greatest ease, and affecting an horizontal ar 
| position. Hence, since sand in a very attenua- fli 
| ted and volatile state preserves a level, so that of 
| animals may be drowned in it; since pounded be 
1 gypsum set in a vessel over the fire, seems B 
| liquid; _ should not water be _— | W: 
el 
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earth kept kaidd by heat ? it ert concretes' 


into a Solid body, when the heat is diminished 


to a determinate degree; but, when the heat is 
increased to a certain n it is Gee ere 
clastic vapour. W 1 
| F luids exert a force of pressure equal to their 
gravity every way, or in all directions equally: 
thus there is an equilibrium, or state of rest 
throughout a fluid; it being an axiom in philo- 
sophy, that a body urged in every direction 
equally, will be as perfectly at rest, as if it were 
affected by no force at all. Action and re- action 
are ever equal between any two bodies, and 
in contrary directions: for instance, if you 
press a stone with your finger, your finger is 
equally pressed by the stone; or if an oar 
strikes the water in one direction, the water 


re- acts, and moves it in the other direction. 


From the gravity of fluids arise their pressure, 


which is always proportioned to their gravity; 
and since we may suppose all the particles of a 


fluid to have equal bulk and weight, the gravity 
of the fluid, and consequently the pressure, will 


be always proportional to the altitude or depth. 


But the supposed incompressibility of liquids, 

was for a long while looked upon as one of their 

most striking characters; for 1 it was imagined 
V4 e 
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they. 8 not by any Force: be . 
into a less space than that which they naturally 


possessed; and this was thought to be accurately 
proved by the Florentine experiment, of filling 


a globe of gold with water, which, when pressed 
with great force, causes the water to transude, 


or issue through the pores of the gold, in form 
of a dew all over its surface. This phenome- 

non, however, did not prevent M. Canton from 
proving, by undeniable experiments, the com- 


pressibility of fluids, and that the contrary 
be. Seien were e, 


3 


5 = 1 the general opinion, 


that the particles of fluids are spherical, and in 


consequence of their touching each other in 


few points, cohere very slightly, and easily slip 


or slide over each other; it has been conjectured 
by some,“ that the particles of fluids are of 


the same nature or figure with those of solids, 


and that from the very ready conversion of the one 


into the other. The original cause, therefore, of 
fluidity, say the supporters of this opinion, does 
not appear to consist in the figure of the par- 


 - tugles, but, simply in their want of cohesion. 
This, however, is not for our present discussion. 


* the unknown principle of mutual attraction 
| between 
3 Cavallo. 
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between the constituent parts of 104 wo, 
is the cause of their solidity; so the unknown 
principle of fire, is the cause of their fluidity.* 
I call the principle of fire, notwithstanding all 
ve have said about it, unknown, because, 
though its effects are sufficiently manifest, the 
cause of it is undoubtedly questionable. It is 
the great instrument of fluidity. Without a 
certain degree of it, water, pirits of wine, oil, 
quicksilver, and perhaps the air itself, would 
be converted into solid bodies; and with a cer- 
tain degree of it, all fluid bodies would be 
changed into elastic vapours; and all solid 
bodies would either be wholly dissipated, or in 
part dissipated, and in Part converted into 
fluid Les | | 


* Bishop Watson. 
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WHATEVER may be the cause, or however 


occult the doctrine may appear, it is yet most 
evident 1n the eye of experiment and investi- 


gation, that all bodies in nature have a reci- 


procal attraction: they search, as it were, 


and make efforts to approach, one another: 


this is the grand law on which depend 
all the phænomena of the universe. This 
force is essential to the harmony of the world. 
ok reigns in the smallest bodies as powerfully 


zs in the largest. In two drops of the same fluid, 
whether water, mercury, or oil, it is peculiarly 


Striking. Put them at a certain distance, and 
on a plain surface, you will perceive them moy- 
ing towards each other, and at last uniting, and 
making one single globule. This latter, indeed, 


zs said to be different from attraction. It is cal- 


led combinatt®n. Attraction is held to exist 
between bodies at certain distances. Combina- 
tion, only when the molecules touch each other. 


But, in fact, it is as difficult to discover the 


cause of chymical affinities, as to discover the 
| 1 5 cue 
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cause of attraction or magnetism.* It has been 
shewn by Newton, says Bergman, that the 
great bodies of the universe exert the power 
of attraction, directly as their masses, and in- 
versely as the squares of their distances. But, 
the tendency to union, which 1s observed in all 
neighbouring bodies on the surface of the 
earth (and which may be called contiguous at- 
traction, since it only affects small particles, and 
scarcely reaches beyond contact, whereas re- 
mote attraction extends to the great masses 
of matter in the immensity of space) seems to 
be regulated by very different laws; it Seems, 1 
say, for the whole difference may perhaps de- 
pend on circumstances. The figure and posi- 
tion of the particles, we are had no means able | 


to ascertain. | GO OP OM fs 


We are now to observe attraction in its most 
beautiful, as well as in its most sublime appear - 
ance. The immense body of waters with 
which the greatest part of the globe is co- 
vered, boldly exhibits it in its fullest energy. 
The sea shall first engage our attention. Many 


and most contradictory opinions have been 
held, relative to the waters of the ocean. But, 


the bason in which they are contained, is of 
| such 


* F 3 


such immense extent, and covered, in many 


places, with such an unfathomable depth of 


water, that it is impossible it can be traced in 
every part. It yet in some measure may be 
guessed at. One ching, at least, seems certain, 
that at the bottom of the sea there are con- 
siderable mountains, and other irregularities, 
It is perhaps as irregular as the surface of the 
land. With regard to the qualities of its soil, 
little can be said. It must, however, be com- 
posed of the same materials as the surface .of 
the earth. The same substances are found in 
both; shells, madrepores, corals, marbles, &c. 
And to these irregularities, we must ascribe 
the origin of many of our currents :* for a 
current is a river, the breadth of which is de- 
termined by that of a valley through which it 
runs; its rapidity is proportioned to the force 


by which it is produced; and its direction is 


marked out by the position of the irregulari- 


* . 


But, in what manner are we to contemplate 


this tremendous excavation of our globe? We 


cannot look upon it as a chasm, seooped out like 
the bed of a stream which is precipitated from 
the, mountains! If we could imagine the chan- 
. „ 
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nal of the sea to have 1 made 
imagine the channel of rivers, by long and in- 


sensible attrition, the water wearing by degrees 
the ground under it, by the force derived from 


its descent and course, we should not wonder 
at its form; but it is impossible that this chan- 
nel should have had any such original.“ 
Whence should its waters have descended? from 


what mountains, or from what clouds? where 


is the spring-head of the sea? what force could 


eat away half the surface of the globe, and wear 


it to an immeasurable depth? this cannot have 
been from attrition. But, God so ordered it, 

when he separated the waters from the dry 
land, „„ 


Water, from the earliest ages, was a symbol 
of the Divinity. It was part of the ancient Cos 


mogony, which looked up to the Divinity as to 
the Lord and Ruler of those waters, which was 
conceived to have been employed in extinguish- 
ing the ever-consuming fires of the world. 


Hence the Hindoos also believed, and invariably 5 


have continued of opinion, that their most sa- 
cred river, the Ganges, issues immediately from 
the feet of Brouma. And hence, likewise, the 
reverence which the ancients had for rivers, 


* Burnet, 
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fountains 
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fountains and springs, and which: led them to 
the allegorical conclusion, of their being dan. 


ed over and Annen by tutelary drvinitien:: 


of the most striki ng e ics of the 
waters of the ocean, one is their saltness; together 
with their being more buoyant than fresh 
water, and approaching consequently nearer to 
a solid, from the various heterogeneous particles 
with which they are saturated. On this sub- 
ject, Buffon observes, that all lakes that give 
rise to rivers, and all those which occur in the 
course of rivers, are not salt; but that almost 
all those, on the contrary, which receive rivers 


but give rise to none, are salt. This circum- 
Stance, says he, seems to favour the opinion, that 


the saltness of the sea is occasioned by. salts 


brought down from the land by the rivers; for 


we find that salt does not evaporate. All 


remains in the sea: it, eee is always 


augmenting. 
| Rot this Bas dene thatthe water of the ea 
was fresh at the beginning of the world, how- 
ever sanctioned by other names of celebrity as 
well as by that of the illustrious Buffon, seems 
extravagant and unsatisfactory. - The saltness 
"GH the sea, we must in common sense suppose 
| | to 
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to be as necessary to the constitution of that 


element, and to the well-being of the terraque- 


ous globe, as the redness of the blood is to 


the animal system. The sea can be no more 
salt by chance, than the blood is red by chance.“ 


As it occupies a very considerable proportion 
of the globe, providence assuredly endued it 
nith properties essential and peculiar to itself. 


Not but that the water of rivers generally con- 


tains a small quantity of salt. The saltness of 


the sea, however, which arises from one fortieth 


part being salt, and from its being nearly of 


an equal saltness at the surface and at the bot - 
tom, must have been coeval with its original 


— 


The waters of the ocean, besides salt, are im- 
pregnated, as I have already said, with hetero- 


gencous particles, and particularly with calcare- 
ous marine salt, and not as has been supposed, 


with bitumens, which in reality have no exist- 
tence: nay, as vitriolic water will in the course 
of time render cast iron so soft, that it can be cut 


with a knife as easily as black lead, so sea water, 


acting on iron guns, has been found to have the 
same effect: it has made them as soft as tin, 


though in 24 hours, by being exposed to the 
air, 
ba Philocophy: of the Elements. 
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air, they hays recovered their original hardness.“ 
Notwithstanding this, the salt water of the sea 
is observed to Hows into fresh water, -that is, 
into ice, which, when dissolved, appears to have 
lost its saltness. Water, with that degree of 


coldness which is necessary to freezing, cannot 


retain the saline and other Feen . 
e 5 W 0 
As the pilas 2 foundations ohh they 5 
at exterior earth, therefore, stand immersed 
in water, at a certain depth every where from 
the surface water is always to be found, 
provided the soil be of a nature to admit 
of it. It is true, all subterraneous waters 
do not proceed from this original, for many of 
them are the effects of rain and melted snows. 
But, digging any where, you constantly come 
to water, even in the most solid grounds; and 


this cannot proceed from rains or snow, but 


must come from below, and from a cause as 
general as the effect. The fact is, the water is 
as ancient as the earth, and contemporary with 
No It: almost always holds i in dissolution, sa- 
line, earthy, sulphurous, or metalli 


1etallic substances. 
The selenite in fresh water, is that which is the 
most frequent; and that more particularly in 
8 5 e wells 


* Bizhop Watson. + Burnet. 
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wells than in rivers; and hence it is that well- 


water is not proper for dressing vegetables, 


for it in some degree, closes their pores with the 
selenite, and prevents the water from penetrat- 
ing: hence too it is, that let a shrub be for a 


certain time watered with a strongly impregnated 
selenitous water, the roots will be found en- 
crusted with a gypsum, and the tree will perish. 


For other domestic purposes, also, well water 


is in general, found less useful than rain or run- 
ning water; for instance, in the und, for it 


decomposes the soap. 
it 
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jj DURING the revolution of ages, mankind 

bi 5 bad been inattentive to the Phænomena of 

1 lakes, springs, and rivers. These objects at 

10 length, however, came to be considered; and 

i the science of physics began to dispel the clouds 
of ignorance. But, yet it remained, as it must be 
confessed it at this moment remains, in doubt, 
whether. our most generally received opinions on 
the subject, be not in some respects chimerical. 
We will endeavour, however, to investigate 

them, and whatever the result may be, n $hall 


at least legitimately grow Gut of 1 1 90 5 
which we shall establish. 


T he mean depth of the ocean has been com · 
puted to be 230 fathoms. But, why so incon- 
siderable a depth? of an unmeasured fluy ve 
can only reason by conjecture. The suf 
of Mont Blanc is more than ten times that 1 
vation, and yet that summit bears marks of 2 
close and intimate connection with the waters. 


The profundity of the great deep, therefore, 


2 


may be leagues, for even imagination cannot 


trace its limits: the elevation, and the inequality 


of mountains from the surface of the earth, can 


alone be conjecturally admitted as standards of 
its unascertained depth. It has, however, been 


maintained by philosophers, that from the pro- 


digious mass of the ocean are derived all tbe 


lakes and rivers of the world; and Halley is 


said to have demonstrated, that evaporation 1 
the immediate cause of their existence. Hal- 


ley's hypothesis, which was received by the 


learned world with universal applause, may be 


understdod by the two following propositions. : 
ist. That the vapours which arise from the sea, 
are much more than sufficient to supply both the 
surface of the earth and the rivers, with waters. 
2d. That the mountains do, by their particular 
Structure and formation, attract, and as it were 


arrest, the vapours and the rain that float in 
the atmosphere, and having collected them in 


their. reservoirs, dismiss them again through 
their sides, either in perpetual or. intermitting 


currents. By Halley's calculations, as an ex- 
_ ample, it is hkewise said, there is little more 


than one third of the quantity of water received 
daily into the Mediterranean, that is evaporated 
ſrom it: and what would seem to prove 


% this 
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this . is, that HR |springs are 
always found to run towards the Sea, and nder 
Wa e e 


Rivers, undoubtedly, a are only waters — 
ing by their gravity from higher to lower parts of 
the surface of the earth, in proper channels; 
which are filled by waters collected on the tops 
of mountains, from rain, snow, fogs, dews, and 
even clouds themselves, and which run through 
various fissures into their internal cavities, The 
superſſuous parts flow from those cisterns 
through different crevices to the sides of moun- : 
tains, where, they appear as bubbling springs, 
and stand in hollow places in forms of pools, 
ponds and lakes. Rivers, in short, are streams 
of water, which by their own specific weight 
move down. inclined- plains; six feet in a 
league being sufficient descent for their running. 
This is very nearly the descent of the Rhone 
from Le Pont St. Esprit to the sea.“ And 
every where, where rivers are navigable, u we may 

be assured the declivity does not exceed twelve 
feet a league. The Rhone has not 80 much from 
Lyons to Le Pont St. Esprit, although its rapi- 
dity, as you well know, is great the whole WAY. 


The sea has no communication, says L'Abbe 
Ong (as was formerly, indeed, the opinion of 


Des cartes 
De Luc. 
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Descartes d others) with the mountains, by 
any passage underneath; the earth; but all above 
it. From the surface of rivers, from lakes and 
from the sea, a vapour 1ncessantly arises, which 
is carried through the regions of the air, by the 


impulse or action of the wind, in the form of a | 
cloud or mist; and which, in proportion as it 


meets with cold air, or its progress is obstruct- 


ed by mountains, condenses, and descends in 


dew, snow, hail or rain. The quantity of va- 


pour thus diffused upon the earth in water, is 


greater than all the rivers, taken together, disgorge 


into the sea. In England, for instance, from 40 
to 43 inches of water in depth, is pas to 
fall in the space of a yon 5H 


But all this eee as 5 wy” 3 is 3 
ful. It is uncertain, whether evapotation from 
the sea be sufficient to supply all the running 
waters; especially as the greatest part 2 
that very evaporation falls again into the sea. 


Moreover it is conjectured, that a greater quan- | 


tity of water is evaporated from continents than 


absolutely returns to them in rain; to which 


may be added- the expence of that element, 


caused by animals, by vegetables, and by its 


consolidation into substances, concerning the 
nature of which, we shall in the sequel have oc- 
casion to inquire. From such circumstances, 
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e one would anturally be led 10 suppose, 
that there are other waters in the system of this | 
vast body the earth, than those established upon 


the roman however able and ingenious, of 


Dr. Halley; and that there may be an internal as 
well as an external evaporation; The matter of 
electricity, and the matter of fire, are > powerful 
agents. They are not of partial and circum- 


scribed situation. They pervade, and most pro- 
bably act upon b in her depend recesses. 

elt 5 

All the . of the 3 

of springs and rivers, may be reduced to 


two. Some say the cause is above the earth; 
others, below it: the former maintaining, 


that the rains which fall upon the earth are 


sufficient; the latter, that they are chiefly 


derived from the vapours, veins, and issues of 
the great abyss, into which they are all re. 
turned, and that a perpetual CTR _ 


equality i 18 kept up.* 


To the hook may be mi thats rain Ind 
vapour cannot account for the origin. of all 
springs and rivers, because the rivers, of a coun- 


try have been compared with the rains that an- 


nyally fall upon it, and have been found to 
exceed the rain in quantity, In Italy, for in- 
_ - 1,7. = 
Philosophy of the Elements. 


_ : 


* 


LETTER XXIV. 325 


stance, it has been accurately calculated, that 
the waters discharged into the sea by the river 


of that country, are to the rains which fall 
upon the land, as 5 5 to 27, that is, more 
than double. And in Paris, the following cal- 
culation was made, from experiments, | in three 
succeeding years. | XL, SITY 


Total de la Pluye 11 pouces, 6 lignes en 1688. 
Total de PEvaporation 22 pouces, 5 lignes. 
Total de la Pluye 18 Pouces, 1 ligne —en abba.” 
Total de I'Evaporation., 32 pouces, 10 Jignes f. 
Total de la Pluye 21 pouces 2 ligne en 1690. 
TRY de ras var 0 Are, 11 fy gn; 
| Sidleau, 


Secondly, because the couaumptium of moist- 
ure by vegetables is so great, that all the rain 


that falls, is not sufficient to supply them with 
what their growth demands. For Dr. Hales 
found, that a plant in twenty one days and a 


quarter, drew off all the water of the earth on 
which it grew; so that without a farther sup- 
ply from beneath, it must have perished after 
that time: and yet he made no allowance for 
what the portion of the earth in question per- 


$pired at the same time, by its Own Pares in 
vapour. Thirdly, because there are springs, 


X * and 
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* 
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and those every Sh common, $0 8 and 
constant in yielding their waters at all seasons, 
without being affected either by rains or droughts, 
that we cannot suppose them to depend on 
any such causes. Fourthly, because there are 
springs too near the summit of the highest 
grounds in the country, to be derived by de- 
Scent from the water which falls on the sur- 
face of the earth; there being no declivity suff. 
_ cient to eee for them that way. As we 
have already said, however, i it would be absurd 
to deny, that rain and melted snows produce 
Springs, and increase the discharge of rivers, be- 6 
cause we see the phænomena with our eyes; 
but this is a partial consideration, and by no 
means adequate. Let us try whether the ques- 
tion can be solved by means of the subterrane- 5 
ous stores, and the vapours that va 1 
arise from them. 
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If we penetrate deep enough, we never fail 
to find water; and the deeper we go, the water 
occurs in greater plenty. This does not look 
as if the lower stores depended upon any acci- 
dent at the surface; for then they would rather 
be diminished, and fail as we descended, their 
supplies being extended in springs and rivets on 


the winkte; 5 but the 9 is always the case; 
therefore, 
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therefore, the sources are not Achelber above, 
but some are below. When the earth is cut 
through, it yields water as naturally as the 
body, which abounds with vessels, yields blood 
when it is wounded. The deeper the wound 
the greater is the effusion of blood, because the 
larger channels he deep; and the largest of all; 

which feed the rest, are placed in the an. 
parts of the body. , 


3 


Hales, rhe Na to all applies from ali 


interior stock, because the surface of the sea, 


even at high water, is lower than the surface of 
the land.* But, in answer to this objection, we 
are to remember, that tlie waters of the sea are 
salt, while the spring waters of the land are fresh, 


and consequently higher; so that a clumn of 


sca water will be a counterpoise to an higher 
column of fresh water. If, therefore, the water 


of deep seas has any communication witk 
the land, and it has its due effect, water may 
rise to any height required, upon the common 


principles of statics, either by running channels, 


or by sap or percolation; in which case, the 


effect will be forwarded by attraction; for a 
mass of dry sand with water underneath, will 
be soaked upwards to its Surface.” Sir Isaac 

„ ewton 
x raw of the Elements. 
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Newton tried this experiment, in a tube filled 


with dry ashes, and found that the water ascended 


through them with ease. In the rocky caverns 
of mountains also, much may be done by the 
Slow ascent of gteam, which will be condensed, 
as it approaches the air, and distil downwards, 
through those cracks and chasms where it finds 


an et. 

From We this, it scarcely can be denied, [ 
think, that the earth is full of open veins and 
fissures; together with strata of loose and per- 

meable matter, and therefore, that it must have 
communication with the sea to very great 
distances. Steam and vapours are stirring at all 
times in the internal parts of the earth, At 
the greatest depths, there are sensible tokens of 
moisture, rising upwards from the lower parts. 
But the convincing experiments of M. de la 


Hire, who found that the rain of fifteen years 


conveyed not one drop of water to the depth of 


eight feet, through loose and permeable earth, 


that was properly exposed to it, and had a drain 
made at the bottom to discharge the water, if 
any had been collected sufficientiy demonstrates, 


that the origin of a// ring and nvers is not 


| from above. 
6 . Water, 
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Water, we know, 1 884 in vapour to a pro- 
digious height in the atmosphere. Why may it 


not therefore ascend in the same manner in the 


bowels of the earth, and thereby form springs, 
and ultimately rivers? Fire, and the electric 
fluid, abounds in the earth, and by these we have 
reason to suppose, that the aqueous particles 
are held in suspension. Now steam, if it DE 
eradually cooled to 212 degrees, though the 
cooling cause continues to act, the temperature 

becomes stationary, till the steam, by parting 
with a portion of its specific heat, is all con- 
densed into water: this water then cools, 
though less gradually than the steam did, till 
it arrives at the temperature of 32 degrees: it 
then again becomes stationary, till, by parting 
with another portion of its specific heat, the 
whole of the water is converted into ice. Thus 
steam consists of particles in an elastic state, 
cr disengaged from their mutual attractions; 
water consists of the same particles, exercising 


their attractive power on each other, and there- 


by cohering together; and ice consists of the 
same particles, still more strongly cohering, 
or crystallized into clusters or masses. 


This then being the process, in some re- 
Pecs internally, as well as e is it 
| not 
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- not a; extraordinary, that men aha at the 
same moment assert, that there is water enough 
in the atmosphere, held there by fire, to 


deluge the globe, and deny the Possibiliy 


of springs being - generated in the interior 


parts of the earth by the same agency, the 


same interior parts of the earth being the yery 
| pabulum of fire? The proof, however, 'that 


Springs gush from channels, similar to veins in 
the human frame, i 15, that hundreds of miles 


from mountains, and i in the midst of the 


ocean, a little sandy, island, scarcely more ele- 
vated than to be horizontal with the surrounding 


fluid, shall afford springs of fresh water. From 


what level, upon any principle of hydraulic, 


can these waters be supposed to be deduced: 


For my own part, I cannot . conceive. But 


Philosophers guess, when they cannot demon- 


strate; and hence, on this subject, they are 


generally found to be positive in the fancy, for 


it in fact is no better, that the cause of lakes, 
of rivers and pr ing, is from un. a for- 


tuitous. | V' 


The origin of springs, you thus perceive, has 


been greatly controverted among naturalists. 


There are, however, two other hypotheses, besides 


that of r, which were once held in estima- 
tion, 


as 
in 
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tion, but which for some years, indeed, have Tr 
discarded. The first was that of Descartes, who 
was of opinion, that the water of the sea diffused 
itself in all directions under ground, and that, 
coming to the bottom of mountains, * 


met with large caverns, into which, being | 
fied by the central heat beneath, it ascended in 


vapours, leaving its saline parts behind, as being 
superficially heawer; and that these vapours, 
being impeded in Their ascent by the tops 
of caverns, condensed there, forming small 


streams, or currents of water, like the steam 
in the head of an Alembic. The second sup- 


poses the sea water percolated through the pores 
of the earth, which, though large enough for 
the fluid to penetrate, were yet so small as td 
deny admittance to the saline particles which 
were commixed with them; which the water, 
during the course of its filtration, left behind, 


thus refining and purifying itself, till it became 
fresh and potable, . it mixed with the foun- 
tains of ren. x | 


But, 11 may be asked, if evaporation be not 
adequate to the causes already mentioned, why 


1s not the main body of the ocean increased, by 


the prodigious volumes of water which have 


from che beginning of f the world been falling 
| into 
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into it ? To this; there appears to me, to 1 bat | 
one reply. Some men are of opinion, that a 
quantity, for instance, equal to what flows into 
the Mediterranean, is consumed in exhalations 


tion; for if so much be consumed in 
vapours and exhalations, every day, as flowsinto 
the sea, what, if this sea had an out-let, and 
discharged by that every day, As much as it re- 
ceived? in a few days the wpours would have 
consumed all the rest; and yet we see many lakes 


exe ry "wh This seems, says Burnet, a hardy 


that have as free an out- let as an in- let, and are not 


consumed, or sensibly diminisbed by the vapour. 
Besides, this reason is a summer reason, and 


would pass very ill in winter, when the heat of the 


sun is much less powerful: at least, there would 


be a very sensible difference betwixt the height 
of the water in summer and in winter, if 80 
much were consumed every day, as this explica- 


tion supposes. There are subterraneous channels 


for lakes and rivers, says he, why not for seas 
| likewise ? ? Surely, the cause is obvious. Why 


are we not to believe the very ocean evacuates 


itself by subterraneous out · lets ? for, considering 
what an amazing mass of waters falls into it 


every day from the wide mouths of all the 


riyers of the earth, it must have out · lets 
| proportionable, or it must have overflown. 
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ALTHOUGH we have already bestowed 


some attention upon the agency of evaporation, 


it yet may not be amiss to examine it with a 


still greater degree of discrimination. Heat, 


as we have already observed, consists in the 
great velocity of the parts of matter; and the 


velocity of the particles of light, is the greatest 
of any. Hence, those particles, by their action, 
always produce the sensation of warmth : Par- 
ticles of heat are constantly employed to se- 
parate parts of bodies, and by this means to | 
produce exhalations. Thus, in the morning 


or evening, when the air is cool, we see the va- 
pours arise from the earth; even our very breath 
becomes visible, as it then wants a sufficient 


degree of heat to rarefy the particles, and make 


them escape the sight. For it is proved by 


experiment, that all bodies loose their parts, in 
proportion as they are more actuated by the 
power of heat; and when the degree of heat is 
very intense, there are but few bodies, Whose 


parts 
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to be, that the air being warmed. by the ap- 


grows colder again towards evening, the water 


parched by the heat of the sun in summer, 
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parts are so fixed, or cohere 50 firmly, : as not to 
be separated by its action. 


In misty weather, we see flequently the mist 
of the morning intirely vanishing towards the 
the middle of day, and coming on again to- 
wards the evening; the reason of which seems 


proach of the sun to the meridian, is able to 
dissolve the porning mist; but as the air 


which had been perfectly dissolved by the mid- 
day heat, begins to be precipitated, the transps- 
rency of the air is destroyed, and an evening 
mist is formed.* Mists and dews will, generally 
speaking, be the greatest, when the difference 
between the heat of the air in the day time 
and at night is the greatest, because the hotter 
the day, the greater is the quantity of water 
which is dissolved, and the colder the night, 
the greater will be the e which vill 


| be es pra | 1 f 


'T hus dews are extraordinarily 12177 in bot 
climates. Who would suppose, that an acre 
of ground in England, even after having been 


could 


o 


* Bishop Watzon, 
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| could Aigpatien into the atmosphere above I 600 


gallons of water, in the space of twelve of the 5 


hottest hours of the day? no vapour is seen to 
ascend, and we little suppose, that in the hottest 

parts of the day, more usually ascends than 
in any other. But, that vapour which goes 
under the name of fog or mist, is merely that 

of a denser kind, which is too heavy to be im- 
mediately raised up into the air. The conden- 


sation of this vapour, is either | owing to a 5 


greater degree of warmth in the surface of the 
earth and water, which throws it off in a greater 
proportion than common, and faster than it 
can rise through the atmosphere, or else, to 
the want of a sufficient degree of heat in the 
atmosphere, to attenuate those vapours, and 
increase their e 1 Pen their 
rarity. | 8 > 
Every particle, says Bergman, having a cer- 
tain force of attraction for the principle of heat, 
forms a little atmosphere for itself. As long 
as these atmospheres prevent the particles from 
coming into contact, the whole remains liquid; 
when they are enlarged, the distances increase, 
and an expansion takes place, till at last, the 
uperficial particles are resolved, by the neces · 
dary quantity of heat, into elastic pen, At 
VOL. 1. ee . | 2129 
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| The e en ee bundance, ane 
produce the agitation of boiling. They ex- 


ceed the bulk of the water 14, oo times, and 

then the vast surface is able 10 aborb.a far 
greater quantity of beat than before. Is it not , 
thus, that all evaporation produces cold? On 
the other' hand, the excess of heat being ga- ; 
dually diminished by the coolness of the air, x 
or in any other way, the bulk of the vapour ” 
is contracted, and the an pen are condensed , 
at last into . of water. ty : ” 
d 
Rat, posting d is not tech effefed by the p 
mediation of heat. Strong dry winds, in cold n 
frosty weather, are often more powerful agents l 
in promoting the evaporation of water and other # 
' fluids, than the greatest heat of the sun in e 
summer. This vapour, however, or as it 1s * 
meteorologically explained, this thin vesicle of li 
water, or other humid matter, which. ascends g 
to a certain height in the atmosphere, there to 
becomes suspended, till it returns in the form ar 


of rain, hail, or snow. An assemblage, or de 
number of these particles, or vesicles of vapour; 
constitutes what we call a cloud; for we easily 
ean conceive that mists and fogs are only low 
* Bishop Watson. | | 
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high. 


nilton, some years 


The ingenious Dr. 


ago, examined the subject of eyaporation with - 


considerable ability.“ In all the accounts, re- 


marks the Doctor, I have met with, fire, or heat, 


and rarefaction, by which watery vapours are 
| supposed to become specifically lighter than air, 


are made to be the principal, if not the only 


causes of their ascent into the atmosphere. Dr. 
Niewentyt, and some others, supposed that the 
particles of fire, by adhering to those of water, 


make up molecule, OF small bodies specifically 
lighter than air. Dr. Halley thought, that by 


the action of heat, the particles of water are 


formed into hollow spherules filled with a finer 
air, bighly rarefied, so as to become specifically 
lighter than the external air. And Dr. Desa- 
guliers ascribed the ascent of aqueous vapours, 
to their being turned into an elastic steam, 
and always rarefied more than the air by the 


degrees of heat, to which bodies are vivaliy 1 
| ens in the digte ks FH 


clouds, or clouds in the. lowest region, of the as 
air, as clouds are no e en raised on 
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to assist us in accounting for this phænomenon. 


But, to all these, 1 shall content myself, | Says 
Dr. Hamilton, with starting two out of a great 


many objections. First, if heat were the only 


cause of evaporation, water in a close room 


would evaporate faster than when exposed in a 


colder place, where there is a constant current of 
air, which is contrary to experience. Secondly, 

the evaporation of water is so far from depending 
on its being rarefied by heat, that it is carriedon 
even while water is condensing by the coldness 
of the air: for water is gradually condensed by 
cold, till the moment it freezes; and since it 
evaporates even when frozen into hard ice, it 
must evaporate in all the lesser degrees of cold. 
Boyle, for instance, having counterpoised a piece 


of ice in a scale, hung it out in a frosty flight, 


and found next morning, that it had lost con- 


siderably of its weight by evaporation - Who 
* would have thought, says he, that so extreme- 


« ly hard and cold a body, would evaporate 80 
« fast in the clear air of a freezing night?“ — 
And since that time, others have observed the 
same thing. This fact seems to be an unan- 
swerable objection to all the accounts in which 
rarefaction by heat is made to be the chief, if 
not the only cause of evaporation; and therefore 
we must have recourse to some other principle, 


For 
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For my part, continues the Doctor, when 1 
consider that the suspension of the partieles of 


water in air, of salt in the waters of the 


ocean, and of other heavy bodies in the fluids 
that dissolve them, which seem to be phe- 
nomena of the same kind; I think we may 


reasonably suppose, that they arise from the 
same cause, and that what we call evaporation, 


is nothing more than a gradual solution of water 
in air. For as water contains a considerable 
quantity of air, so does air contain a consider- 
able quantity of water, even when we think it 


quite pure and dry; as appears from the moist- 
ure drawn from it by dry salt of tartar, in 


such quantity, as to make the salt become in- 
tirely fluid. Now, since the air is an heteroge- 
neous fluid, containing in it particles of another 


body, and yet retaining a perfect transparency, 
which is the criterion of a true solution in other 


cases; why should we not infer from analogy, 
that in this case also, there is a true solution of 
water in air? I admit that heat seems to pro- 
mote solution, because it expands bodies, and 


thereby enlarges their pores, and lessens the co- 
hesive attraction of their particles; so that a 
body, when hot, will more easily admit a dis- 
solving fluid into its pores, and its particles not 


cohering gde so strongly as when cold, will 
T3: 5. 2m 
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more readily quit each other, and unite 0 
elves to the particles of the fluid by which they 


are attracted; and for the same reason, heat 


will also promote the evaporation of fluids. But 


even with this concession, I cannot conceive 
evaporation to be any thing more than a gra- 
dual solution of water in air, produced and 
promoted by the same means, by attraction, by 
heat, and by motion, as other solutions are 


eſſectec. 


The air, we hn gays 1 Dock ah 
with vitriolic- and other acids, as 1s plain from 
the rusting of iron exposed to it. The lowest 


part of this air, then, being pressed hy the weight 


of the atmosphere against the surface of the 
water, or by the currents of the winds, and 
continually rubbing upon it by its motion, has 
thereby an opportunity of attracting and dis- 
solving those particles with which it is in con- 


tact, and separating them from the rest of the 


water. And since the cause of solution in this 
case, is the stronger attraction of the particles 
of water towards the air, than towards each 
other, those that are already dissolved, and taken 
up, will be still further raised by the attraction 
of the dry air which lies over them, and thus 
will diffuse themselves, rising gradually higher 


* 
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7 higher, and thereby leave the a air 

not so much saturated, but that it will be still 
able to dissolve and take up fresh particles of 
water. And thus ice or snow will evaporate as 
well as water, its particles being attracted and 
dissolved by the air, which. 1s strongly pressed 
against its surface. ; 


But, however ingenious this reasoning, it is 
not to be taken altogether without limitation. 
Air may have in some instances the property 
of producing the evaporation of fluids ; but 
there are other vapours which undoubtedly are 
naised merely by heat. Although the particles 

of fluids in common evaporation may be sup- 
posed raised into the atmosphere, by the attract- 
ing and dissolving power of the air, yet, in some 
particular cases, vapours will rise into the air on 
another account. For in Some places, the 
earth often sends forth hot elastic vapours, that 
rise into the air by means of their elasticity, and ; 
carry up with them mineral and various hetero- 
geneous particles. Fermentation generates 


elastic vapours, which expand themselues into 


the air. And the particles of Water and other 
fluids, when sufficiently heated, acquire a re- 
pelling force, which separates them from the 

wen and. throws them upwards into the air. 
| oo $ But 
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But all these vapours soon loose that elasticity 
by which they were at first raised, and they must 
then be retained and kept suspended in the 
air, by the same power that keeps up all the 


vapours, which rise without any e n 


common evaporation. 


Against this theory of Dr. Tan that 
vapour is no other than a true chymical solu- 
tion of water in air, many difficulties were 
stated by different writers. Dr. Eeson, in par- 
ticular, objects very justly, 1. That evapora- 


tion takes place in Vacuo. 2. That on this 
principle, clouds would be heavier than air by 


itself, and therefore, could not be supported at 
any height, in the atmosphere. 3. That we 

could have no rain, unless the air were supersa- 
turated with water, as it would part only with 
what it could not retain in solution. 4. That 
though heat contributes very much towards 
converting water into vapour, which is again 


condensed by cold, yet, water spontaneously 


evaporates, and is suspended in the air in the 


coldest weather. Heat, observes this Writer, 


is the great cause by which water is converted 
into vapour; which vapour is found to be 1800 
times lighter than our air, and therefore, must 


ascend, till it comes into a part of the atmos- 


$5 m4 


phere of the same density with itself. Heat is 


not to be considered in this process, as a transi- 
ent agent: a quantity of it enters into chymical 
combination with the water, being essential to 
the constitution of vapour; and the watery par- 
ticles are prevented from parting with this la- 
tent or combined heat, by the electricity of the 
atmosphere, for it is known from experiment, 
that electricity communicates to them a repul- 
sive force with respect to one another; that it 
accelerates evaporation; and that the atmos - 
phere is at all times electrified, not less in the 


night than in the day; more strongly in frost 


than in warm weather; in elevated than in low 


places; and as strongly near the surface of the 


earth in cold countries, as at considerable ele- 
vations in warm ones. And this seems a wise 
provision in nature, that the electric matter 
should appear near the surface in cold climates, 
to raise up and suspend the vapours, which 
otherwise would be condensed by the cold; 

whereas, in warm countries, the heat of the 

earth will be sufficient to raise vapours to a 


great height, which are afterwards carried still 
higher by the electric matter in the upper 


regions: and this perhaps is the cause why the 
air is so clear and transparent in warm climates. 


With 


— 


— - — ry, — K — ; — —_ - 
— — ns bas = 8 ul -—=y = >. — 3 A 
8 7 — . - L _— - . ty 
— = - 1 — > 8 = — 2 ack 
— . ñ — — — — : a - : _ . — Een . 
— A DG A. — — 7 — « * — — 2 — — 6. 
— — — . W — — - LG : 
5 b ed ence ne gs JODIE EET: — bY , "4. 
— ——B: ——— — — — : : 


PPP 
— — rere 


* — — — 
Os . ————— at. 2 Gao fe AAR. —— — . 
ere — - ad Tae? EX pe 


often runs in large drops. 2. The absorpti 


— Fn he — wy — * — — whe — — — 
82 "Bs. VT rere _ e 
- 1 * 
, 


344 LETTER xxv. 


With respect to the falling of rain, says Our 


Author, two clouds posesdng similar de de. 
ties, repel each other; but if the electricitie 
ate contrary, they attract and run together; the 
equilibrium is restored, and the power which 


kept them suspended is annihilated. A cloud 


passing over a high building or mountain, may 


in like manner be deprived of its 


ith ve without thats honee ah 


ers among mountains, are so frequently partial, 
and confined to a small space. Fogs are pro- 
duced by two causes, as different as their effects 


are opposite. 1. A precipitation of rain in very 


small particles. In this case, the air is moist, 


and wets the traveller's clothes; the stones of 


the street are covered with n which 


of moisture, when the air is too dry. This fact 


is well known to the inhabitants on the sea coast 


of Fifeshire, who, during the summer months, 
have frequent opportunities of observing a fog 
in the afternoon, driving up the F ak of Forth, 
with a drying east wind, which often blasts the 
trees and young vegetables, and therefore, in a 


small degree, resembles the burmattan in drying 
up the ground, and OY Fs 2 wand 


-moisture. 
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This hypothesis of the electrical agency in 


evaporation, was first started by Mr. Eeles in 


1755. Neither impulsion, says he, rarefaction 


of the air, nor any attraction of the watery par- 
ticles by expansion, is sufficient to account for 
the ascent of vapours. There is but one way 


of altering the specific gravity of the particles 


of water, so as to render them lighter than air, 
the adding to each particle a sufficient quanti- 
ty of sorne fluid, whose elasticity and: rarety are 
exceedingly greater than that of the air. This 
is electricity. All fumes arising from fire, whe- 
ther blazing or otherwise; all steams arising 
from boiling or warm water, and from all other 


fluids; the breath of man, and all other animals; 


and all the effluvia thrown off by perspiration, 
are strongly electrified: and hence, the ascent 
and descent of vapour and exhalation, attended 
by this electrical fire or fluid, is the cause of all 
the regular and irregular motions we find in 
the atmosphere. 


An bp so reasonable, and 50 capable 


of support, was readily adopted, and was soon 


_ $trengthened by new observations, and by ad- 
ditional deductions. If the air be loaded, said 


the favourers of this doctrine, with common, or 


With electric fire, and thus loaded, be compressed 5 
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by adverse winds, or 3s being driven against 
mountains ; or condensed by taking away the 
fire that assisted in its expanding; contracting 
the air with its water, will descend as dew; or 
if the water surrounding one particle of air 
comes in contact with the water surrounding an- 


other, they coalesce, and form a drop, and ve 
have rain. Those vapoprs which have both 
common and electrical fire in them, are better 


supported than those which have only com. 


mon fire in them: for when vapours ris 


into the coldest region above the earth, 
the cold will not diminish the electrical 
fire, if it does the common. Hence, clouds 
formed by vapours raised from fresh watets 
Vithin land, from growing vegetables, 
earth and other substances, more speedily and 


easily deposit their water, having but little elec- 
trical fire to repel and keep the particles separate, 


(common as well as electrical fire giving repul- 
sion to their particles of water, and destroying 


the attraction of cohesion) so that the greatest 


part of the water raised from the land, is let fall 


on the land again, and winds blowing from the 
land to the sea are dry. On the contrary, clouds 


from vapours raised from the sea, having both 
fires, and particularly a great quantity of the elec- 


trical, support their waters strongly, raise it W 
and 
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and being moved by winds, may Pig it over 


the middle of the broadest continent, from the 
middle of the widest ocean. h 


These Gauß driven nd mountains, the 
mountains being less electrified, attract them, 


and on contact, take away their electrical fire, 


and from their frigidity, the common fire also. 
Hence, the particles close towards the moun- 
tains and towards each other, and fall. If much 
loaded, the electrical fire is at once taken from 
the whole cloud, and in leaving it, flashes 
brightly, and cracks loudly. When a ridge of 
mountains thus dams the cloud, and draws the 


electrical fire from the cloud first approaching 
it, that which next follows, when it comes near 


the first cloud now deprived of its fire, flashes 


into it, and begins to deposit its own water, 


the first cloud again flashing into the mountain: 


the succeeding clouds all act in the same man - 
ner. And hence the continued storms of rain, 
thunder and lightning, on the east side of the 


Andes, which running north and south, and 


being vastly high, intercept all the clouds brought 
against them from the Atlantic Ocean by the 


trade winds, and oblige them to deposit their 

waters, by which the vast rivers Amazon, la 

Plate, Oroonoko, are nn. which return the 
. water 
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water into the same sea, after Saving: 
a country of great extent. 


Even a country without mountains, is yet not 
without means to make clouds deposit their 
water. For if an electrified cloud, coming 
from the sea, meet with a cloud raised from the 
land, and therefore not electrified, the former will 


 flash its fire into the latter, and thereby each 
cloud will deposit its water. It is common to 
see clouds at different heights, passing different 
ways, which shows different currents of air, 


The air between the Tropics being rarefied 
by the sun, it rises ; and the denser southern 
and northern air presses into its place. The air 
so rarefied and forced up, passes northward and 
southward, and must descend into the Polar 
Regions, if it have no opportunity before, that 


the circulation may be carried on. When it 
begins to descend in the Polar Regions, and 
gets in contact with the vapours arising there, 


the electrical fire they brought begins to be 
communicated, and is seen in clear naht 
being first visible where it is first in motion 
that is, where the contact to us begins, or in 
the most northern part: thence, the. streams 


of light seem to shoot southernly, even up to 


the zenith in northern countries. But, though 
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the light seems to zhoot from the north, south- 
erly, the progress of the fire is really from the 


south, northerly; its motion beginning in the 
north, being the reason why it is there first 
seen. Hence, the Aurora Borealis and the Au- 
rora Australis. * 


As you have visited different sea coasts, you 
cannot but have remarked, that clouds conti- 
nually arise at sea, and regularly direct their 


course towards the land, and especially the 


highest mountain. Some philosophers have 


4cribed this to an attractive virtue; but, be- 


sides that this occult quality, as we have already 
seen, is not in all cases to be implicity admit- 
ted, the mechanical cause of the phænomenon 
may be explained by material agents; namely, in 


addition to the electrical agency, the law of the 


equilibrium of fluids, by which the heavy air 
forces the lighter upwards ; for continents, when 
under the same parallel, and of, like elevation, 
being always more heated than s:as, a con- 


tant current of air must take place, and drive | 


the clouds from the sea towards the land. 
This direction will be the more constant, the 
more the mountains are heated. If the va- 
pours meet with a flat and level country, they 


ll glide over it, as we have said before, with- 


out 
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cout stopping, because the land being equally 
heated, there is nothing to cause them to con- 
dense. This is the reason why it never, or but 
very rarely, rains in summer in Egypt, or the 


Desarts of Arabia and Africa.“ The air of these 


countries being heated and rarefied, repels the 


clouds; and as it is the nature of all vapour to 
be elevated by hot air, they continue to float 
in the middle region, where the prevailing cur- 


rent carries them towards the higher parts of 
the continent: here, being at a greater distance 
from the surface of the earth, the great recep- 


tacle of heat, and being deprived also of their 


electric fluid, they are condensed, till = 


Fre resolve into rain, Bait e or snow. ys 


* FE 


It is still, however: felt to be « 


: difficult, to comprehend how the particles of 
water in the atmosphere, should want power 


to collect themselves into heavy drops, and fal 
downwards, rather than to remain suspended 1 in 
the form of clouds or vapour, in those regions 
of the atmosphere which are colder than the 
surface of the earth. It seems, says Cavallo, 
as if the particles of water in that state, 
were actuated by two powers: namely, their on 


attraction towards each e e some other 


1 8 
* vai. © Cavallo. 


TE . 992 
power, which prevented their coming so near 
as to be formed into water; but what that 
other power is, or how it acts, is still a mys- 
tery. Moreover, it is said, how is it possible | 
to conceive that clouds, condensed' into snow 
and hail, should be supported i in the tracts of 
air, on the principles of comparative gravity ? 
What mighty showers of hail-stones sometimes 
fall, so large even as not to be dissolved in a day 8 
or two. Now, either they must fall from an in- 
credible height, the vapours by the way con- 
densing, and as it were crystallizing them into 
ice, and in time augmenting them to that bulk; 
or else there must be some strange and un- 5 
known faculty in the air to sustain them. In 
truth, says he, the treasures of snow, and of hail, 
are among the secrets of Nature, upon which 
we may meditate with wonder and pleasure, but 
which we must never. as bake to e | 

But this, 83 pats the authority 15 
cannot accede to; and my reason is this: air, 


when perfectly clear and transparent, as it is 


when in solution, receives very little heat from 


ght; but, if cloudy, it is capable of receiving 


a certain degree, and hence cloudy air, and even 
clear air, is often warmer than certain kinds of 
For. . earth, 
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earth, over which it is incumbent. Air is ako 


often warmed by the condensation of the ya- 


pours interspersed through it, particularly when 


this condensation arises from electrical agency; 
and by these means, the upper strata of the 


atmosphere, are often warmer than those which 


are Somewhat lower; and hence, the origin, as 
I conceive, of hail, which is rain condensed, 


by passing through air colder than that in which 
tit was produced, and not, as the Cartesians ima · 


gined, the fragments of a frozen cloud, half 
melted, precipitated and congealed again. | 
suppose it will be generally allowed, says Doctor 


Franklin, that —_— any drop of water was, 


when it began to fall from the clouds, of a 


magnitude equal to that which it has ac- 


quired when it arrives at the earth; the same 
of the several pieces of hail ; because they are 
often so large and weighty, that we cannot con- 
ceive a possibility of their being suspended in 
the air, and remaining at rest there for any 


time, how small soever; nor are we acquainted 
with any means of forming them so large, before 
they set out to fall. The air being 800 times 


lighter than water, is unable to support water 
even in the state of vapour. Hence, the water 


of a cloud is first formed into detached mp 
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of rain, which falling through a colder region of 
their, are there congealed in their passage, and 


increase in bulk in the short ons of * fall. 


A elt Agitation of a fluid, as experiment | 
shews, facilitates its conversion into ice, near- 
ly in the same manner, as the slightest motion 
very frequently determines the crystallization 
of certain salts. And this arises, perhaps, from 
the circumstance, that by this means the calo- 
ric, which is interposed between the particles, 
and may oppose itself to the production of the 
phznomenon, may be expressed or disengaged. 
Thus hail appears to be nothing more than a 
confused crystallization. When it snows vio- 
lently, and the atmosphere is not too dry, the 
air is observed at Moscow to be loaded with 
beautiful crystallizations regularly flattened, 


and as thin as a leaf of paper. They consist 
of an union of fibres which shoot from the same 


center to form six principal rays, and these 
rays divide themselves into a blades ex · 
tremely brilliant. * 


Hail and snow, therefore, are nothing but 
modifications of ice. The former, however, 
seems to be peculiarly produced by the udden 
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Aizengagement of the elastic fluid, which e con- 
curs in rendering water liquid, and is almost 
always accompanied with thunder. The very 
able and philosophic M. Chaptal of Mont. 
pelier, relates the following circumstance, of 
5 which he was an eye witness. On the 29th of 
October, 1786, four inches of water fell at 
Montpelier; a violent explosion of thunder, 
which was heard about four in the evening, 
and which appeared to be very near, caused a 
most dreadful shower of hail. At this instant, 

a druggist, who was employed in his cellar in 
preventing the mischief occasioned by the fil- 
tration of water through the wall, was highly 
atonished to behold, that the water which came 
through the wall, was instantly changed into 
ice. He called in several neighbours to par- 
take of his surprize. 1 visited the place, says 
M. Chaptal, among. the rest, a quarter of 
an hour afterwards, and found ten pounds 
of ice at the foot of the wall, and was wel 
assured it could not have passed through the 
wall, which did not exhibit any crack, but ap- 
peared to be in very good condition. Did the 

| same cause, which determined the formation 
of hail in the d e act 0007" in thr 
cellar; ? 
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But the reconversion of air into water, which 
we lately touched upon, that is, as we are now | 
to consider it, the formation of it into clouds 
and rain, has opened a new and a most pleasing 
field of investigation. De Luc is the philoso- 
pher who has the most minutely entered into 
this subject. This reconversion of air into 


vapour, is certainly curious, but the immediate 


cause, De Luc does not pretend to have dis- 

covered.“ For though the cause of the trans- 
formation of vapour into air be given, says he, 
it does not follow that any analogy should ob- 
tain in the converse change. The theory of 
winds also, would appear from it, to be very 
frequently at least, a directly chymical effect. 


When a mixture of dephlogisticated and in- 


{:mmable air is converted into water by the 
electrical spark, an explosion happens, that is, 
in becoming vapour, it expands into a large 
volume; and this vapour being condensed into 
water, a vacuum is left. It will therefore 
readily occur, what agitations must happen in 
the atmosphere, from the expansion which ac- 
companies the formation of a cloud, and from 


filling up the immense vacuity produced by 
ran, It has long been a question, what be- 


22 comes 


, Monthly Review, August 1787. 


Ll 

* 4 

U 

U 

N 
15 
ith 
17 
"af 
115 

4. 
. 
pl 

11 

U 

> 

10 
N, 
11 
10 N 
191 i 
Fr 36 
1 
15 

1 

t 

7 97 
3 
1 
+ 

Ll 
18 
l: f 
. 
1 
6 
2 


j 


3 56- 1 LETTER xXxv. 


comes of the water that rises in vapour into 
the atmosphere, and in what state it subsists 
there, between the time of its evaporation, and 
its falling down again in rain? Various, as we 
have seen, have been the opinions; but De 
Luc contends, that the water which forms rain, 
though it has ever been considered and reasoned 
upon, as producing humidity, does not possess 
that property, and must, therefore, have passed 
into another state. The upper regions of the 
atmosphere, notwithstanding the continual 
ascent of vapours, and the diminution of heat 
at the same time, are drier, says he, than the 
lower: on the tops of high mountains a degree 
of dryness prevails, unknown on the plains. 
The air on mountains, likewise, is e in the 
night than in the day. 


On every hypothesis of rain from vapour, con- 

tinues De Luc, as it is heat that produces the 
evaporation, so it is a diminution of heat that 
occasions the return of the vapcur into water; 
and therefore, rain should happen only in the 
night, or at the coldest times of the day; 
whereas, experience shews, that it has no con- 
nection with heat or cold. And whatever the 
degree of heat be, as the air can part with only 


80 much of its water as it 18 unable to retain 
„ 


>» 
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in that degree of heat, no rain should be formed 


unless the air was saturated; and yet this is 
very e to nee 


De Luc- 8 . enden e to alot; 
is, that they do not arise from watery vapours, 
existing as such in the atmosphere; but, that 
they are formed in dry air; that they consist 
of bubbles of true elastic vapour, each coated 


with a watery film, like the bubbles in soap 
water; and hence, with De Saussure, he calls them 


vesicular vapour, whose particles may be distin- 
guished by the eye, when placed at a proper 
clevation, with a dark ground of mountains or 
woods behind the cloud. These clouds are 
continually changing; they do not continue 
the same for two seconds together. Rain is 
never found, but when the vapour is produced 


too abundantly, and too rapidly to be dispersed 


by evaporation ; the vesicles in this case, run- 
ning together, and the water falling to. the 
lower part, as it does in soap bubbles, till they 
become thin enough to burst. Another strong 


proof, that vapour must change its nature in 
the atmosphere, says he, is, that though evapo- 


ration continues for several months together 
on vast extents both of seas and continents, the 


air does not become moister, but on the con- 


„ en 
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trary, more and more dry. Vapours must 
change their state, before they reach the tops 
of mountains, otherwise they would fil 
those cold regions with eternal fogs. It is by 
the conversion of the vapours into another state, 
into an aeriform fluid, that the mountains en- 
joy a transparent atmosphere, and that the rays 
of the sun, are Nane to reach the plains, 


4 


This t theory, as you will perceive, is built 
upon the late supposed discovery of the mutual 
convertibility of water and air; a principle, un- 
doubtedly, of most -extensive influence in the 
economy of Nature. But, what is the par- 
ticular species of this aeriform fluid, into which 
the watgry VAapours 1 in the atmosphere are con- 
verted? Water appears, on the ground of late 
experiment (at least $0 it is asserted) to con- 
sist of dephlogisticated and of inflammable airs, 
deprived of great part of their latent fire, which 
is essential to the aerial state. Now, De Luc 
joining his idea of homogeneity of atmospheric 
air, to Mr. Cavendish's experiments, of irous 
acid being produced, while those two airs are 
decomposed in water, supposes atmospheric air 
to consist of these two, combined with that 
Principle, which discriminates the nitrous acid. 
; Ton from 


from the other bodies of its class; 50 that * 
mospheric air, by being deprived of this prin- 
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ciple and a certain quantity of its latent fire, 


becomes watery vapour or water; and water, 


by the union of fire, and the nitrous principle 
with it, becomes atmospheric air. | 


In all that we have yet said, however, on the 
subject of solution, and the consequently dia- 
phanous state of the atmosphere, we have not 
touched upon one principle, on which both, 
but more particularly the latter, depend. 
Transparency and opacity are properties of 
matter. Light, in its passage, penetrates tlie 
porous vacuities, and is differently affected in its 
passage, as the units or atoms of matter are 
differently figured, and differently posited in 
regard to their pores. The rays of that uni- 
form white light, by which all objects are ren- 
dered visible, proceed in strait lines; but, when 


the rays are broken and dissipated into a variety 


of directions, they no longer affect us with the 
same sense of light. When the interstitial va- 
cuities of bodies are so disposed, that the light 


can preserve its rectilinear course through them, 


such bodies appear luminous throughout, and 
are visible in their internal substance; but when 
their constitution is such, as will not allow a 

| free 
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| free passage to the light, they are then visible 

only by those rays which are reflected from their 
surface, and their internal surface is opaque or 
dark. It may reasonably be supposed, that 
the atoms, or units, of which bodies are com- 
posed, being impenetrable in their nature, will 
be impervious to the rays of light, how subtile 
and powerful soever the _ may be in its 
own nature. 

[ 

The instance of the separation of the primary 
colours of light, which seems the most remark- 
able, is that of the rainbow. It is formed in 
general by the reflection of the rays of the sun 
light, from the drops of falling rain, whose 
surfaces, as we have already seen, are convex 
(for if a small hole be made in a plate of metal, 
or other thin substance, and carefully filled 
with a drop of water, small objects may be seen 
through it distinctly, and as with a microscope, 
much magnified) ; though frequently it appears - 
among the waves of the sea, whose heads or 
tops are blown by the wind into small drops; 

and is sometimes seen on the ground, when the 
sun shines, on a very thick dew.* Cascades and 
fountains, whose waters are in their fall divided 
into drops, exhibit rainbows to a spectator, if 
* Nicholson's Philosophy. 
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properly situated during the time of the sun's 


shining; as at the fall of Stauback, which you 
visited last year, on your way to the Glaciers of 
Griendelwald. Even water blown violently out 
of the mouth of an observer, whose back is 
turned towards the sun, never fails to produce 
the same phenomenon. This appearance is 
also seen by moonlight. 25 

The opposers of Newton's discoveries on 
light and colours, have strangely affirmed, that 
he taught that the rays of light were coloured. 
But, the error of this assertion, I need not point 
out to you. The air, we know, reflects the blue 
rays most plentifully, and must therefore trans- 


mit the red, orange and yellow, more copiousl + 
than the other rays. If the light of the setting 
sun, by passing through a long tract of air, be 


divested of the more reflexible rays, the green, 
blue, indigo and violet, the remainder, which is 


transmitted, will illuminate the western clouds 
with an orange colour; and as the sun sets 


more and more, the tract of air through which 
the rays must pass, becoming longer, the yel- 


bow and orange are reflected, and the clouds | 
grow more deeply red, till at length the disap- 
pearance of the sun leaves them of a leaden hue, 


by 
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by the desen of the blue light from the air, 
A similar change of colour is observed on the 
— tops ol the Andes 1 ere be: 


e the gi of opaque or Wh 
3 are many spaces, as I have already said, 
which are either empty or replenished with 
mediums of other densities. Hence they be- 
come transparent, by filling their pores with 
any substance of an equal, or nearly an equal 
density with their parts. Thus paper dipped 
in water or oil; the oculus nundi, or hydropha- 
nous stone, steeped in water; and many other 
substances, soaked in such liquors as will inti- 
mately pervade their pores, become by that 
means more transparent than otherwise. 80 
on the contrary, the most transparent sub- 
stances may, by evacuating their pores, or se- 
parating their parts, be rendered sufficiently 
opake, as salts or wet paper, or the oculus 
mundi, by being dried; horn, by being scraped; 


glass, by being reduced to powder, or otherwise 


flawed; and water, by being formed into many 
small bubbles, either alone in the form of froth, 
or by shaking it tegether with oil of turpentine, 
or some other convenient liquor, with which it 
will not Periectly incorporate. 


But, 
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But, I I wil bi e you from this com- 


ö plicated subject. The height of the atmos- 


phere, as I formerly explained to you, has 
never yet, and never can, in my opinion, be 
thoroughly ascertained. The elevation of va- 
pours, however, is in some respects, precisely 
to be known. The height at which vapours 
freeze, says Buffon, is about 2400 fathoms in 


the torrid zone, and about 1500 fathoms in 


France. The highest clouds, continues he, 


do not rise above the level of the sea more 


than 3600 fathoms: hence, if our mountains 


were higher than they are, we should see in the 
torrid Zone a belt of snow commencing at 
2400 fathoms above the level of the sea, termi- 


nating at 3500, or 3600 fathoms, not on ac- 
count of the cessation of cold, which augments 
in proportion to the elevation, but because the 


vapours would not rise higher. But, I shall 


have a good deal to say to you on this head, 


in some future letter; I shall now, therefore, 


conclude with just remarking, that the va- 
pourous, or obscure part of our atmosphere, 


is only about the height of the 980th part 
of the earth's diameter; as is evident from the 


height of the clouds, which 1 is never above four 


miles. 
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| evaporation, which relieves the earth from zu- 


perfluity, and adorns our horizon with tints of 
the most glowing brightness, is yet, because 
not familiar to our senses, of apparently less con- 
sequence than that of condensation. The vapour 
which we have seen to rise, at length ptecipitate 


themselves in rain, in snow, or in hail. If on 


low lands, or on mountains, whose elevations do 
notreach to the freezing region, they glide away, 
or rush down in torrents. If, on the contrary, 
the Cordeliers, or the Alps, are their receptacle, 
they there concrete into solidity, and at their 
summer's leisure, but with ponderous dignity 
stream along the earth, for the benefit of the 


The Os, as well a8 e rivers, _ 
- either from a confluence of brooks and ne 
or from lakes; but no river of consider 
magnitude flows from one spring, or one lake 
but is augmented by the accession of others. 


Thus 
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Thus 1 Wolga receives Sos" two knatidied 
rivers and brooks, before it discharges irzelf into 
the Caspian sea; and the Danube receives no less, 8 
before it enters into the Euxine. Some rivers, 
those, for instance, in the country where you re- 
ide, are greatly augmented by the dissolution 
of the ice and snow. In the country of Peru 
and Chili, there are small rivers, it is said, that 
only flow in the day, because they are only fed 
by the snow on the mountains of the Andes, 
which is then melted by the heat of the sun. 
There are also, it is reported, several rivers upon 
both sides the extreme parts of Africa, and in 
India, which, for the same reason, are „en 5 
by day than by night. The rivers also in e 
places are almost dried up in summer, but n 5 
and overflow their banks in winter, or in tlie wet 
season. Thus the Wolga, in May and June, is 
filled with water, and overflows its shelves and 
islands, though at other times of the year it is 30 
Shallow, as scarcely to afford a passage for loaded 
vessels. The Nile, the Ganges, the Indus, are 
so much swelled with rain, or melted snow, that 
they overflow their banks; and these deluges 
happen at different times of the year, because 
they proceed from different causes. Those that 
are Swelled with rain, are generally highesr in 
winter, because rain N then more 70 
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quent a other times of the year}: buy if 
they proceed FOI ice or snow, which in some 


places are melted in the spring, in others in the 
summer, or between both, the , of 1925 


, rivers 83 89 eee, e 


=y . ws * 


ELL 


| The running of rivers, as 1 have a re- 


4 marked to you, is upon the same principle as 
the descent of bodies on inclined planes; for 
ĩt is as impossible for water, as for asolid body, 
to move on an horizontal plane; the re- action of 
zuch a plane, being equal and contrary to gra- 


vity, entirely destroys it, and leaves the body at 
rest. Here I speak of a plane of small extent, 
and such as coincides with the curved surface of 
the earth. But if we consider a large extent, or 


long course of water, then we shall find that 


such water can never be at rest, but when the 


bottom of the channel coincides 8 where 
with the curved surface of the earth. Henc 
therefore, since bodies move on pk even 


in the smallest degree inclined, except 80 far 
as they are prevented by friction; and since 


the friction of the particles of water among 
themselves is inconsiderable , it follows, that the 


water situated on a plane ever s little inelined, 
will commence a motion; and if the plane be 


'considerbly inclined, ad the quantity of yat 
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great, its e will be proporti 1 and its 
momentum such as will soon begin to wear away 
the earth, and create itself a course or channel 
to glide in, In artificial canals it is usual, I 


M told, to allow the fol } of ans foot in deo 


* e 


Se 1 & 1 countries wil Fa ; 


world, is the most richly furnished with exam- 


ples and demonstrations of the subject on which 


we are now engaged. The Glaciers alone are 
inexhaustible sources, to which we may apply. 


for information. 99 The origin of glaciers,” 

ys De Saussure, their most enlightened his. 
torian, is imply this: In the vallies of the 
high Alps, an immense quantity of snow is ac- - 
cumulated; not only because, for nine mont 
together, all the water which in inferior regions 
falls in rain, there fulls in anoto, but particularly 5 


because the rapid shelvings of the mountains 
throw 1 into their bosoms all the snow which is 
beat against them, but which they are e e 
of retaining. Les rochers nuds & escarpès ne 
pouvent pas retenir les neiges qui s'ent assient 
zur leurs flancs, elles glissent, & forment ces 
walanches terribles dont nous parlerons aillęurs.“ 
The snows, accumulated by these two causes at 
the bottom of the higher vallies, condensed by 
VOL. 1, . „ 8 
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their fall, and by the pressure mY Mie gravity, 
remain without any alteration, until the heat of 
the sun, in summer, resolves a part of them: * 
say a part of them, for it is observed, that these 
avalanches which fall into the lowest vallies, 
scarcely can be melted by the heat of a whole sum. 
mer; and consequently those which tumble into 
the Sbinhabirebbe vallies, can never undergo an 


entire dissolution. In the higher vallies, however, 


large masses of stow remain; the parts melted, 
and the rains, which the snow imbibes „becoming 
ice in winter, and exhibiting the porous glacters, 
which are universally to be met, with. © From 
this,” continues De Saussure, it is evident, 
that the glaciers in the elevated vallies of the 
Alps have not been formed either by the con- 
gelation of great reservoirs of water, nor by the 


aggregation of laminæ of frozen water or ſci- 


cles. All ice so formed is transparent and 


compact. On the contrary, the bubbles with 


which the glaciers are filled, shew manifestly, 
that they were snow which had imbibed rain, 
and which had been congealed, before the rain 
could have driven out all the particles of air 
which were contained in them. The experi- 
ment of artificially ON wetted + now ing 
prove this. | 


This consolidation of fluids, or rather the 
manner in which it is effected, has occasioned a 
good deal of dispute; particularly, as ee 
ment it has been ascertained, that water, for in- 
stance, impregnated with vitriolic acid, easily 
freezes, retaining all its air; which is the reverse 
of water impregnated with marine acid air, 
which will not freeze; and in another respect 
with water impregnated with fixed air, which 
in freezing parts with its air. * Philosophers, 
indeed, have never agreed as to the cause of this 
phznomenon. The Cartesians accounted for it 
by the recess, or going out of the etherial mat- 
ter from the pores of the water. The Corpus- 
cularians, on the other hand, attributed it to the 
ingress of frigorific particles, as they called them. 
Hobbes asserts, that these particles are nothing 
else than common air, which entangling itself 
with the particles of water, prevents their mo- 
tion. Others will have a kind of nitrous salt to 
be the cause of congelation, by insinuating it- 
self between the particles of water, rente 
them together, as it _— n mae HS: ELF e 
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Cold in 3 dean * en EY | 
Sence of heat; and consequently- those wWho 
suppose heat to consist in a brisk agitation 7 
of the component particles of the hot body, 
| Aa 2 Z define 
r | 


i 


the cold body and the organ of sensation; and, 
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= define cold to be auch a em Mete of ifs 


parts, as is either alrogether, or nearly, imper- 


ceptible to our organs of feeling ; in which 


sense, cold is 4 mere term of relation betwe 


will be felt either hot or 


in fact, the same bod) 


cold, according as the sensible organ is colder 
or hotter than it. Be this as it may, cold is 


found to have very considerable effects, and 


therefore should sęem to be something positive. 


An intense degree of heat reduces most bodies, 


the hardest stones, even the diamond, to a fluid 
state. On the other hand, fluids are not only 


3 to their former solidity by cold, but 


greater degrees of it will congeal not only wa- 


22227 P Y * 


| Hadith OT 


n iii has « ay 


ind ae at assertion, that it is probable, all 


substances in nature would become solid, from 
the universal attraction of cohesion, were it not 


for the element of fire, which expands their parts, 


and prevents their positive contact. To this, 


5 ice, or rather water converting into ice, power- 


fully expands, We che same time, ir * 
W * its fire. e ata 0 


in Wat 


it bein 


* 


they account fo 8 ae te 
and in crys/allizing i into ice, leaves greater spades 
than were between the particles of water, which 
spaces being entirely filled with air, the mass ex- 
pands, and becomes specifically lighter, though 
larger; but let this ice be pounded, and cram- 
med so close as that the air shall be expelled, it 
will then manifest all the appearances and nt 
berties of contraction n den e 


= - he e of all the cold. bl. $4 | 
mically e is the act of freezing. When 
water is ed into ice, a great number of 
buhbles are produced in it, and imprisoned in 
the body af ice, where they are distinguishable 
to the sight, by reason of the transparency of 
the substance: and when the ice melts, all 
these bubbles are discharged at the surface. As 
these bubbles are produced in the act of free - 

ing, the water is extended in bulk about ones 

tenth part, and with such a force, as no vesscls 
are able to resist. And hence it is, that ice is 
specifically "lighter than water, and floats with 
one-tenth part of its thickness extant above the 
water that bears it. The mb ap commibedy 

in water, however, says Jones, are not air, * 
it being impossible that air within such narrow 
A . dimensions ” 
2m Philosophy of the Elements, 
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dimemions; ould exert such 40 e 
force, unless, indeed, we should suppose it to 
be incredibly condurnaed,; which is by no'means 

the case; neither has the fluid, which is s0'col- 
lected, the properties of air. Besides, water, 
purged as much as possible of its air, by being 
first boiled, and then placed for many hours in 
vacuo, will yet freeze with the same collection 
of bubbles, and with the same force. It is not 
air, therefore, but the matter of fire, or that 
ether which is continually circulating; through 
. all: things; and which is arrested in its passage 
through the water, when it is consolidated into 
ice: in a word, if a given quantity of water be 
frozen, and afterwards thawed, it will not fill 
the same vessel it would have done before it was 
frozen. It loses its weight by being changed 


into ice, by rhe incessant action of the air on its 


Surface : by freezing it is likewise deprived of 
the greatest part of its air; and water, when 
Saturated with air, is Somewhat Langer” WO | 


— 1 A 5 F 28 1 
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W whar I have 9210 above of this outs of 
glaciers, it miglit naturally be concluded, that 


accumulating always, that is, not melting away 
80 > much f in 3 as * gain in growth | in 


5 winter, 


9 bier Wateon 


winter, *** mock "a time 0 to a most tre- 
mendous bulk. But, fortunately, nature has 
put bounds to their increase. During the sum 
mer, the sun, the rain, the hot winds, labour 
to destroy them; and evaporation, which has a 
considerable effect on ice and snow, particularly 
in an air rarefied, helps likewize, even during 
the greatest colds, to diss ipate them. * But 
these causes only prevent, in a slight degree, 
the annual growth of snow and ice. Two other 
causes, more powerful, ans yer the end com- 
pletely. One of these is the internal heat of 
the earth, which melts them even in the heart 
of the severest winters; the weight and con- 
sistency of their masses, and their excessive im- 
penetrability to the action of cold, 3 
the surface on which they repose from the ex- 
ternal atmosphere. The other is their gravity, 
which drags them, with a rapidity more or less 
great, into the lower vallies, where the heat of 
the summer is sufficient to melt them. Thus 
the more they accumulate, the more they act 
towards their own destruction. They increase 
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10 
. earth 8 from the sun, and pro- 

5 bably from other causes, as we have already 
LE: noticed, which are not well known to us, a cer · 

tain degree of heat, which is supposed to be 

universally the same at the depth of sixty or 

eighty feet, and to be unaſſected by the varia · 
tion of the seasons. This is What we here mean 

by the internal heat of the earth.. This heat | 
„ continually on the inferior ae ice, and 

causes forrents, which, even in the sevetest win · 

ten are never stopped, from the great glaciers, 

| : This, says De Saussure, I proved on the 

pʒpot myself in winter, at Chamouni, Where che 

| currents of water that issued were still very 

cCcCcrinsiderable, though certainly not 50 abundant 

| as in the summer. On this resolution of ice 


| N its former fluid state, Boerhaave observes, 
„That if à sudden thaw takes place after a 
1 | bog —— _— It une rivers 
ableiHepihy ir is;-omally; quitkly corp 


multitude of clouds and uncommon! heats; al 
then by thunder and lightning. The reason, 
ys he, . is, chat the vapours and exhalarin 
raised by the subterraneous heat, have 1 re · 
mained imprisoned under the covering of the 
| earth; as * 1 that 1 the ice of 2 
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reli Wise in the, middle ofa frost, 
it presently emits warm vapours ; and this the 
more plentifully, as well as the hotter, in pro- 
portion to the hardness of the frost, and the 
warmth, the pent up vapours immediately escape 
through all the Passages ran e en 
mounting on high, form clouds, which being 
driven about, and sometimes wet by the 
sun, produce such effects, Hence, the owes 
thunders in erg W. _ Den 
N _— edt 21 


But, this oubje: kh 1 _ g farther 3 ; 
dated, by the known fact, chat all substances, 
while dissolving, lose their phlogiston, which 
flies off in an aerial form, or in inflaramable air. 
Hence, besides the laws of rarefaction occagioned 
to that of fluidity, always produce a cold, as salts 
dissolving in water; and hence also it is, that 
fluids capable of. concretion, acquire a heat in 
becoming solids. “ Heat, says Mr. Cavendish, 
is generated in the congelation af en and 
cold menen 43.04 e 
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life. The natural state of this globe, one would 


teen inches beneath the surface. The t 
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The different degrees of heat and cold, ho. 
Prey with all their consequences on the element 
of which we are treating, as much as the diffs. 
rence of the seasons, depend upon the change 
of the position of the globe, with respect to the 
zun, the only visible fountain of warmth and 


be inclined to think temperate. It is this 
warmth which oepures springs from being fro · 
zen, few winters proving so cold, as to pene- 
trate the earth, to more than twelve or four. 


tions from heat to cold, in the air &nbracing our 
globe, are chiefly owing to the elevation and 
depression of the poles, which causes so great a 
change in the Situation of 'rhe earth, that the 


obliquiry and 


COON _ are continually in 4 Pp 


r 


po 


reren ri. 


bre Ales "ou sec 
eight hundred and aaa ankles in way 
hour, which is '$eventy-five miles less than 
under the equator. Moreover, we must con- 
sider that the sea has probably a property of con- 
ducting or diffusing heat and cold throughout 
its whole mass. But, this' is not the case 


respect to the land, as appears from che 0 uni- 


form temperature of springs near the sur 
the earth: for water contained in wells not 
more than ten or twenty yards deep, var | 
thing i in its hw arora winter or Sum 


A adh noeloh bad! 10 
that snow fertilizes land mori 
sequence of the nitrous salts which it is sup- 
posed to acquire by freezing. | ER certainly 
does fertilize. But the fact is, that rain water 
possesses more nitre chan now. * TH 
of snow as a fertil aer 
admit a more et explanation. 
two causes n acting upon the oodles 
of the earth, the internal heat and the atmo- 


sphere. Different vegetables are able to pre. 


serve life under different degrees of cold; but 
all of chem e- when the cold which reaches 
their is n. P. in th 


Bishop Watson. 


: than rain, in con- f. 
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5 mien Ae bes has 3 a covering 

. for the roots of vegetables, and that covering 

is snom. The frost kills, when the snow does 

not protect: the snow likewise keeps in the | 
internal heat of the earth: so chat à kind of 
AR: 4 is en on Jun this rs * 


eee eee a 
Ins; Seen water in à state of evaporation, 
then in due season precipitated, after this con 
gealed, and finally: dissolyed ; we shall next 
consider a few of these objects separately, in re. 

Wa of overs! ascertained peculiarities. # Snow 
zergman, » ** contains a small quan- 

tity = 9 le, bedr with some alight 
vestiges of nitrous acid: this water, when newly 
melted, is torally 1 both of air, and of the 
aerial acid; substances which are found in al- 
most all other waters ; and hence it is, perhaps, 
that snow water is noxious to animals. Rais 
water is generally contaminated with the same 
substances as the former, but, in greater quaty 
tity. It is obvious that these waters, while sus- 

5 i t collect and absorb the 
various heterogeneous matters wah mn wad 
| atmozphere abounds, and therefore, can never 
be obtaine Pure. ee after long con-. 

| 5 | tinued 
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cinved rain or snow, these waters ate found le 
loaded with heterogeneous matter. Spring water, 
when of the purest kind, contains but little 
heterogeneous matter; otherwise, we find in it 
zerated lime, salited lime, common salt, and 
sometimes a small quantity of alkali. Those 
springs whick are called mineral, also contain 
gypsum, aerated and vitriolated magnesia, vi- 
triol, aerated iron, &c. River waters are often 
so much purified by their motion, as to contain 
nothing more than aerated lime, common salt, 
and sometimes a little alkali. These are ge- : 
nerally lighter than spring water, and the more 
pure, ia proportion to the rapidity of their 
which they run. Well waters, besides a large 
quantity of the above-mentioned substances, of- 
ten afford gypsum and nitre. Lake waters are 
less clear than any of the former; they are also 
; heavier, and deposit spontancously some earthy 
sediment: they sometimes contain all rhe sub- 
stances above recited ; and besides, are gene- 
rally vitiated by an animal or vegetable extract. 
Marsh waters have less motion, and therefore 
are less clear, more heavy, and more vitiated: 
by extractive matter; hence they generally ex- 
hibit somewhat of a Nan brows r 
Sea water contains commo i 


* 1 
11 19 : 


is, that the immense quantity of fishes, worms, 


eisely in the quantity necessary to promote that 
operation. To render sea water, therefore, of 
benefit in times of exigency at sea, it would be 
right, were it possible, to take it e the 
| JO of _ fathoms at wen horn RE 


„ 


0 mv gypum, and. a cis | 
quantity of the .putrid. extract, which is gene- 
rated partly from the innumerable cw pag 


animals which there live, die, and are de ecom- 


* 


posed, and partly from what is swept into il Y 
from the earth. Sea water has not only the 
strong taste of common salt, and the bitter one 
of salited mägnesia, but it occasions a very sin- 
gular nausea, which is frequently attended with 


vomiting. This nauseous ingredient is not 
to be found at all, or but very little, in sea 
water taken up at the depth of sixty fathoms, 


as experiments made upon water taken up at 
that depth evidently shew ; the reason perhaps 


and other animals, which inhabit the ocean, | 
dying, are gradually, though not in complete 
substance, carried up to the surface, and there, 
by the assistance of the air, undergo a thorough 
decomposition, (at least this-is the case With 
such parts of them as are soluble in water); 
and this putrefactive process is much assisted 
by the salt, which at the surface is present pre- 
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All the waters that we have. thus enum | 


are to be examined two: different ways; one by i 
precipitants, and the other by evaporation. Soap, 


every kind of water: this is occastoned either 
by a disengaged acid, or by a large proportion 


of middle salt, with an earthy or metallic base. 


In either case a decomposition takes place ; the - 
acid unites with the alkali, and the oil is disen- 
gaged. Such waters as these are generally called 


hard waters, and are unfit for washing clothes, 


as also for n W and the handel 1 of ; 


flesh. 1 my. nb. 1 


Besdes these more common and universal wa- 


ters, there are those which. I have already men- 


tioned, that are significantly called mineral and 


medicinal ; as for instance, the heated Bath wa- 
ters, which owe their origin to the contact of 


common water with pyritæ, whose composition 


is iron, sulphur, and the vitriolic principle. 
Water in itself, is said to contain only three 
parts of latent fire, while the vitriolic acid is 


allowed to possess seven parts. These, however, 
coming into action with each other, draw out this 


latent fire, and give that degree of energy which 
causes heat. The interior parts of the earth, 


indeed, abound with all kinds of mineral matters. 
92 „ 


j 
{| 

| 

if 

91 
i] 

3 

1 

il 

| 

- 
J 

| 

! 

1 

! 


— - 
—— — ——ꝓ 


parts of those bodies; and hence the va 
medical springs. Streams of running water, 


| part of our present subject, worthy of attention, 
phænomenon, of springs which run when che 


| This, however, is not difficult to be accounted 


— 
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” krrrzx xi. 
e parts of the earth likewise abou: 


with numberless caverns, cisterns, streams, and 


rivers of waters, which run every way through 
beds and strata of mineral, metallic, sulphurous, 


saline, mercurial, bituminous and oleagitions 
substances, carrying with them all the soluble 


een lt det we ae che cart, 
warm 154 hot tack Ul A ; word, all the aper. 


84 parts near the earth's zurfaee, are replete 


with canals, resembling in some sort the eir- 


culation of fluids in an amimal body; ; insomuch, 
that some eminent philosophers, as we have al- 


ready seen, have been ready to conclude that 
| this carth we ONE is def Np ee 


mal. 


5 if: 


| We have now, I think, touched upon every 


excepting one, and that is, the not very frequent 


sea flows, and which stop when the sea ebbs. 


for, if it be supposed through the whole course 
from the sea, or from the river that is affected 


1 Martin's Philosophy. 
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by the sea, to the mountain or plain where any 
of these extraordinary springs are, there is a 
channel into which their waters enter but little, 
the remaining part of it being filled with air 
only, because it is above the level of the sea: 
this being supposed, every time the sea flows, 
it rises up in this channel, and fills it fuller than 
ordinary; and as it rises, it r drives: along ths : 
air and vapours contained therein t. = 
head of the spring; whence 
the water must run out. On che other hand, 5 
when the sea ebbs, the water in the channel 
descends. The ehb and flow of springs, which 
are also striking phenomena, are like wise to 

be accounted for on the simple principle of che 
$yphon. Suppose a reservoir fed by a stream; 
whose water flows into another reservoir through 
2 Syphon, and which at the same time has ano- 
ther stream falling into the same reservoir, 
hose outlet or spring is still lower; the sur- 
face of this water, when the syphon works, | 


water with a greater force ; and eanseaue: | 
will issue out with a greater foci aint raise 
the surface if confined; but when the sypbon 


intermits, the momentum will be less, and then 

AG Stream will ea VVV 
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| THE waters which glide along the surface, 


and even those which rush through the vitals of 
2 earth, have now passed under our contempla- 
But our task is not yet finished. Much as 
we 2g appear to have gone through, the great. | 
est of our difficulties is yet to be surmounted. Le 
us return to the ocean. The ocean is aQtihirod by 
two periodical motions called the flux and the 
reflux, or the ebb and the flow. The cause of the 
tides is supposed to be the attraction of the sun 


and the moon, but chiefly of the latter. The wa- 


ters of this immense gulph, forgetful as it were 
of their natural quietus, move and roll in tides, 
| obgequious to the strong attractive power of the 
moon, and to the weaker influence of the sun. 
| The two tides of flood, and two of ebb, succeed 
each other alternately at about the interval of six 
- hours; and happen later, nearly an hour each 
day than the preceding, owing to their exact 


correspondence to the motion of the moon, 
which daily culminates so much later. They do 
not, however, 1 wee the moon is in the 


men diam, 


f ; 5 
— Y * 
5 * 
vn. 6 
7 * a $ « 85 
of bx 8 


LETTER K. 


— 


medi but about theee: 3 PI in con- 
sequence, it is said, of the greater force of the 
moon at thils period, than when in the meridian; 
as the heat of the day is greater at three o'clock 
than at twelve, and the heat of the summer is 
greater in August than on the 2 ist of June, Last- 
ly, the greatest spring tides happen not on the 
zist of March and 23d of September, but in 
February and October, and for this reason, be- 
cause the sun being — — the earth in Decem- 75 
ber, his influence is then the strongest, and so 
must hasten the time of the greatest vernal tides; 
and being weakest in June, the time of e tum- 
nal rides will neceuarily * retarded. . | 


That «the tides e prey fill e „ che | 
Pace in which they are, produced ought to be 
extended from east to west 90 deg. or a quarter 
of a great circle of the earth at least, because the 
places where the moon raises most, and most de- 
presses the water, are at that distance from one 
another. Hence, it is coritended, it appears 
that it is only in the great oceans that such tides 
can be produced; and that in the large Pacific 
Ocean, they must exceed those in the Atlantic 
Ocean: hence also the reason is obvious, it is 
said, why the tides are not so great in the tor- 
rid zone between Africa an America, where 


. 8 


5 9 2 Fu . 


5 Saad — as in 6 zones 
on either side; and from this also we are to un- 
derstand, why the tides are so small in island 
chat are very far distant from the shores: for 
itt is manifest, that in the Atlantic Ocean, the 8 
water cannot rise on one shore but by descend- 
ing on the other; so that at the intermediate 
distant islands, it must continue at about a rea 
height, betwirt eee on the'one and 6s 
* Gute bene over shoals leere 
streights i into bays of che sea, their motion be · 
comes more various, and their height —— 8 
on many different circumstances. The tide that 
is produced on the western coast of Europe 
corresponds to the theory above described: thus, 
it is high water on the coasts of Spain, Portugal, 
and the west of Ireland, about the third hour 
after the moon has passed the meridian; thence 
it flows into the adjacent channels, as it finds | 
the easiest passage. One current from it, for 
example, runs up by the south of England, and 
another comes in by the north of Scotland. 
They take a considerable time to move all this 
way, and it is high water sooner in the places to 
which they first come; and it begins to fall at 
chose while the two currents are 8 
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on 1 that are farther in their course. - As 
they return they are not able to raise a tide; be- 
cause the water runs faster off than it returns, 
till by a new tide, propagated from the ocean, 
the return of the eurrent is stopped, and the wa- 
ter begins to rise again The tide takes twelve 
hours to come fram the ocean ta London bridge, 
so that when it is high water there, a new tide is 
already come to its height in the ocean; and in 
some intermediate place it must be low water at 
the same time. In channels, therefore, and nar- 
row seas, the progress af the tides. may be, in . 
some respects, ne to the motion of the 
waves of the sea. It is also observed, that 
when the tide runs over shoals, and flows upon 
flat Shores, the water is raised to a greater height 
than in the open and deep oceans that have Steep 
banks, because the force of its motion cannot be 
broken upon the level shores, till the water rises | 
toa greater height. If a place communicates with 
two oceans, or two different ways with the 
| ocean, one of which is a readier and easier passage, 
two tides may arrive at that place in different times, 
which, interſeting with each other, may produoe 
a great variety of phænomena. But the reasons 
why tides should be greater on coasts than in the 
open seas, says the celebrated: Madame du Cha- 
telet, are, (First, the water which stri es against 4 
the Shores, and thereby forms a re· action, which 
e must 


— 


must give then rhe q "iy VO 


"Us ocean, e beds are very * it yet a ar-. 
rives in great quantities, and meeting with strong 


and certain depths and positions of ene, Na 
it also i in a 3 e b ee 


opposition, elevates itself considerably. Streights, 


ok. Weil in a | work: published at Pars 


nearly a century ago, has been at great pains to 
prove that the sea has a general motion inde- 
. pendent of winds and tides, and of more conse- 


quence than is generally supposed. He affirms 


that this motion is from east to west, men 
towards the north, when the sun has passed th the 


equinoctial northward, and during the time the 


sun is in the northern signs, but the contrary 


way after the sun has passed the equinoct 


southward; adding, that when this general mo- 


tion is changed, the diurnal flux is changed also; 


whence it happens, that in several places the 


tides come in during one part of the year, and 
go out during the other; as on the coasts of 


Norway, in the East Indies, at Goa, Cochin- 


China, &c. where, while the sun is in the sum - 
mer signs, the sea runs to the shore; when in 
the winter signs, from it. On the most southem 


coasts of Tonquin and China, for the six um- 


mer months, the diurnal course runs from the 


north 
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Noe” with dne eum but the sun edi re- 
passed the Line towards the south, the course 

declines also southward. On this subject, or 
something that approaches very near it, we shall 
presently have much to say. We shall still con- 
tinue, e to attend to _ ma wh 
desen „„ os. it 


The nan between the flux and reflux is 
not precisely what I have above said, six hours, 
but is about eleven minutes more, So that 
the time of high water is about three quarters 
of an hour later every day, for thirty days, when 
it again recurs as before. And this answers ex- 
actly to the motion of the moon. She rises 
every day about three quarters of an hour later 

than the preceding one; and by moving in this 8 
manner around the earth, completes her revo- 
lution in about thirty days, and then begins to 
rise again at the same time as before. The time 
of high water, upon the day of every new moon, 
will at the same place always be found to be ex- 
actly at the same hour, and three quarters of an 

hour later every sncceeding day. These alternate 
ele vations and depressions of the ocean, are in uch 

exact ee with the motions of der moon, 
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turbing forces of the sun and moon, 2 | 


| depend upon their respective d 
1 earth, As well as upon their particular sit 


For the less the distances are, the greater will be 
the effects; and, therefore; as we have alreadh 


seen, when the SUN is nearer to the earth, as in 


ate eee eee eee 


Summer, when hel is farther off; and the neap 


Gs on that account will be less. And fors 
| like reason, as the moon moves in an elliptica 
orbit round the earth, and is nearer to us at 
some times than at others, the tides will at those 
times be greater, and at the opposite points of her 


- orbit be less. Somie variations hkewise will be | 


found to take place in consequence of the di 
|. ferent declinations of the sun and moon at di 

ferent times; for as they gradually decline from 
the equator, they lose their effect, and the tides 
become less; and when they are both in the 
es en of —— n £3 


The cause ef the We was Pe red, „b 
cad, by Kepler, who explained it in hs follow. 
ing manner: The orb of the attracting power 
- which is in the moon, says he, is is extended as 
far as the earth, and draws the waters under the 
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sensibly on the ocean aver beds are large, and 
where the waters have the liberty of recipro- 
cration, that is, of rising and falling. Thus, 
the cause of tlie tides of the sea appears to be, 
the bodies of the sun and moon drawing the 
waters of the ea.” | Newton, on this idea also, 
erected his theory, but made it in a manner 
peculiarly his own, by discovering the cause of 

the tides rising on the side of the earth oppo- 

site to the moon; for Kepler believed, that the © | 
presence of the moon 'occasioned an impulse, | 
which caused another i in hor e es 


hs 
© us 


In this e 's che sun's a in — 
the tides, is but small in comparison of che 
moon's ; for though the earth's diameter bears a 
considerdble' proportion to its distance from the 
moon, it js next to nothing when compared to 
its distance from the sun. And, therefore, the 
difference of the'sun's attraction on the sides of 
the earth under and opposite to him, 1 is much 

less than the difference of the moon's attraction : 

on the sides of the earth under and opposite to 

her; and therefore the moon must raise the 

2 1 % Fs ere than they can be raised by 

1 this: "nr: therefore, the tides 

1 * 


* « I 5 — * * * 4 
* 1 > 8 
4 . P 4 \ 5 FR 
1 . { . * X * be. 
. x & : _ : 7 . - 5 ö 1 
5 1 y : by K : Y Y Kt 
» 6 f Y v 0 
J £ J — 8 : Ws {vb 
n 3 55 8 gta 
% * 8 * * ; N. <a ; 
5 5 - * 4 * - 
: x 5 5 8 9 
% c © 8 1 
8 ; * . * . f * 
t Jes 488 p 
hy 8 1 4 8 - : 1 - . * 
: ; 6.0% « : ; 
* * P * - ? v : 
ry 3 d . 1 - ” J 4 
5 * - £ _ : 6» 42 
! : 55 „ . " * * * 
. 
. ade — * ——Ü—y—— — — — — 3 — „* —— — - — — * 
— —— — — — * — —— — — a — 4 — — an — _ — — — — — — — — — CEN 
— — — — — — — — — — — 
2 1 OS a mas — — — you — — — *” 3-06" 
1242 I — eg 1 ——— N — — SP — . - — - 4 — = — „* 8 — —— _ - \ 
— — LETT 2 3 Ss. : — gy l SZ 4 — ——-—-—-— — — — = — — * ——— . 
: \ n - 5 —_ - 8 > "7 = * 
E : - f : l 7 = - 1 In — \ SIE 
- — y \ l 2 — — — — — E — — 
=> 5 mn = . ST _ CSS - " Se 1 1 
= — 2 - n 2 = = = = . = =. _ = \ PS = \ —_ _ 
= \ ä — - l = : I CILES _> \ „„S I - » l ** 
8 = * 0 n W — —— — 8 - * — 
8 W Ss en ne l PRIOR = 


OT n — ” th 


Eagan 5 « 
TS 


on © re Oh URN AE EE e 
* — er O_—S 22 2 — — 


S : 


ALES 


"" 
r 
ot 
* * 


« * — 0 * * * 8 
— 8 ty - 1 * * 7 * 8 INDIO g — 5 * 
9 rere eee 21 Ng: 
. * 85 
x . A 
+ 


bor: 24:24 


„ 


ga 


AE A ee ͤ ͤ nn gh Me OO ROT 


directly under and opposite to the moon, that 
is, when the moon is due north and south. 


But, We find that in open 
flows freely, it is not 50 3. atk the reason is de: 
clared to be obvious: for though the moon's 


attraction were to cease altogether when she 
was past the meridian, yet the motion of ascent 
communicated to the water before that time, a 


would make it chntinue to rise for some time 
after; and much more must it do so, when the 


| attraction is only diminished ; as a little im- 
pulse given to a moving ball, will cause it still 


to move farther, than otherwise it could have 
done. Neither do the tides always answer to 
the same distance of the moon from the meridian 
at the same places, but are variously affected by 
the action of the sun, which brings them on 
Sooner, when the moon is in her first and third 


quarters, and keeps them back later, when she 
is in her second and fourth; because, in the 
former case, the tide raised by the sun alor 


would be earlier than the tide raised by the 
moon; andi in the latter case, later. 


The moon goes, ound the can, in an g 


tic orbit; and therefore in every lunar month, 


she ee nesrer to the earth than her 


* Niu | mean | 
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** 
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When re is nearest e eee strongest, 
and so raises the tides most; the contrary hap- 
pens when she is farthest, because of her 55 
weaker attraction. When both luminaries are 
in the equator, hand the moon in perigeo, or at 
her least distance from the earth, she raises the 
tides highest of all, especially at her con- 
junction and opposition; because the equa- 

torial parts have the greatest centrifugal force, 
both from their describing the largest circle, 
and from the concurring actions of the sun and 
moon. At the change, the attractive forces of 
the sun and moon being united, they diminish 
the gravity of the waters under the moon, and 
their gravity on the opposite side is diminished 
by means of a greater centrifugal force. At 
the full, whilst the moon raises the tides under 
and opposite to her, the sun, acting in the same 
line, raises the tide under and opposite to him; | 
whence their eonjoint effect is the same as at 6 
the change; and in both cases occasion wat 
we call Spring tides. But, at the quarters, the 
sun's action on the waters diminishes the effect 
of the moon's action; so that they rise a little 
under and opposite to the sun, and fall as much 5 
under and opposite to the moon, making What 
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+. called neap tides, because ako. sun 3 
then ac e to each other. $1 
3 

a e e 3 eee „ 
| than in anne is of course nearer to it in 
February and October than tenen and Sep. 

tember; 3 the greatest ti 
not till some time after the eee equinox, 
and return a little before the vernal. - 
| the moon is in the/equator, the tides are equally 
: high in both parts of the lunar da Jay. But, as 
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4 the moon declines from the equator towards hac 
| either pole, the tides are alternately higher and tide 
1 lower. The sea, however, being thus put in vat 
jd motion, would continue to ehb and flow for act 
| several times, even though the sun and moon nea 
1 were annihilated, or their influence should cease; acti 
4 as if a bason of water were agitated, the water afte 
| would continue to move for some- time after 
l the bason was left to stand still; or like a pen- \ 
5 dulum, which baving been put in motion by us 1 
* the dm. continues to * n 8 it ft 
l 4 
j. ET This i is the 3 het aw ads tow 2 
6 5 1 But, it is. not the growth of 

| modern days, as has been con 4 f Re 


of old and yenerable date, but greatly improve 


P ²˙¹·— ⁵ — + fa St 


upon. Cleotnenes, a Greek writer upon me- 
tereology, speaks with great extent and pte - 
oC" "Tho. 


cision upon this physical subject. 
moon, according to her different appearances, 
says he, not only causes gra revolutions i 
the air, over which she has the power, and 

produces many serviceable effects, but she is 
also the cause of the flux and reflux of the sea.. 


And the great naturalist, Pliny, would seem 
even to speak in the words of Kepler or New- 
ton. He contended, © that the sun and moon | 
had reciprocally à part in the cause r ez 


tides; and after a 8 


vation, he explicitiy affirmed, 0 that oh 

raters, when she was 
nearest to che earth, and that oe effect of her 
action was not sensible _ 1 * enen 


acted strongest on the 


een WI 


With such masters to nw 3 to i | 
us in one general and well constructed doctrine, 


it may appear dme prophate ee ee 
hpotheis. But, e is nor to dee 
ee of tm Elo. 120 | 
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at the shrine of adulation ; for Newton him- 
self tells us, that propositions obtained from 
phænomena by induction, ought to 1 held, 
notwithstanding any opposite hypothese: 
strictly, or very nearly true, until ber phæno- 
mena have occurred, by which they may be 
rendered either more een or more 7 1 
. ͤ od, 4 Neb 
ior should it bir 1 bebe wid 
_ transcendent the names; of those illustrious 
characters, whose labours have afforded us the 
means of encountering their doctrines, that 
venturing upon a rational argument, men do 


no more than what fairly belongs to them. 


No honest creed, either in philosophy or 
religion, forbids enquiry. It is unworthy th 
character of reason, to Shrink from the ex- 
position of what may even delusively appear 


; The Abs of. e. on 15 1 a 
; the above hypothesis, increases in proportion 
as the square of the distance diminishes. But, 
have we not a multitude of masses much smaller, 
and that have much less substance than the 
waters of the ocean? The waters of che ocean 


: 255 — , up and attracted into large 
| heaps, 


not 
fuse 
the 
yet 
the 
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heaps, twice a day, at no inconsiderable distani 
from the earth, under the influence of the moon. 
The superiority of the terrestrial attraction does 
not hinder them from experiencing, in a small 
degree, the impression of the lunar attraction; 
whereas there is no ebbing or flowing for us: 
we still adhere to the surface of the globe. * Is 
it not fair for us, therefore, to think that this 
attraction, as relative to the ocean, is a cause of 
not the most undoubted validity, but one that 
fills up the vacancy of what is not understood, 
and which indeed avails ws very little, though 
it were readily to be calculated? Or if it should 
be to be supported as a matter of fact, it surely 
cannot be criminal to ask, why this cause has 
zo much predilection for the waters of the ocean, 
and so little influence upon other substances 
which would seem as obedient to its power? + 


Sei N be r beneficial 
not unfrequently involved in diffculry. It re- 
fuses, for instance, in some opinions, influence to ; 
the either on animals or vegetables; and 
yet it gives her a most powerful influence on 
the waters of che ocean. It is still more con- 
tradictory, it allows the ocean to be so affected 
as to have u 195 ane it n not t admit, that 


it 
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el ki 3 sure 


by, 8 not to — thein from the in- 


fluence of gravity. The lakes of America are 


not all so small, that when the moon is vertical, 
she can attract every part alike, and therefore 
A all the parts equally light, no part can 
be raised higher than another. But, if this were 
the case with e lakes, it is not so with respect 


phases of the moon; but from this, it should 


not be too arbitrarily concluded, that the tides 


are occasioned by that luminary.* One circum- 
stance, indeed, would seem to prove to demon- 
stration, that it is not this influence _ at 


the equator which causes the tides. The tides | 


JO the e ics are less nen chan 


e dt We W e is not 
denied by all physicians, to the animal and ve- 
getable kingdoms. Hippocrates,” in his Crie 
seems to refer to it. Many others have given 
ge 1 oe” ane: the dae is far 


my 
5. 
L 


ftom 


* * Etudes de Ia Nati i 
7 Drs. Mead, Lind, Jackson, and Balfour. | 


1 * 


to the rranean and Baltie seas. It is true, 
Free, the sea arrive, in our 
hemisphere, at the same time with the principal 


eee 100N ky" 8 ene hs ol, 
why should it not be admitted, that the moon 
raises much ee rides in che air than in the 
Dr. Balfour, indeed, from upuatde of 
eps, nocurate bservatio be 
with an ability which is ackn vledged, has no 
hesitation in declaring, that without pretending . 5 
to explain, or say whence it proceeds, where it 
exists, or how it operates, there is what he mo- 


destly, and guardedly, calls a 30l· lunar influence, 5 


which affects the constitution of man, particu- 
larly in the acquiring, and in the progress and 
termination of disease; and which, from the 
paroxysms it constantly and invariably produces, 
there can be no difficulty in denomibating | 
tides of the animal cconẽomy. There is,” 
says he, © a rising and falling in its force and 
action, nearly coincident and similar to that of 
the flowing and ebbing of the tides; the former 
appearing towards the end of the interlunar in- 
terval, and continuing until the expiration of 
the lunar period; the latter appearing upon 
the expiration of the lunar period, and donti- 
nuing until towards the end of the interlunar 
interval.“ It is in an an extraordinary manner even 

vor. 4f. Ce I 


wen —. ieee, in — 
hund, 10 deter cheis ajtadk, 5 


Abs are.in their violence, and to zuhzide . in che in- ; 
rerlupar ores 1: —— we dee _— ' 
t 
ee A the 1 215 ; medicatrix . 5 
ure, the producer — *PATOZYSIMS, the giver of e · i 
mission, the deity of some physicians, and the 
devil of others? laregard t to animals, birds, 1 
a and fishes, their constitutions seem evidently 7 
to undergo a regular change, corresponding * 
with the revolutions of the moon. This = been | be 
established by the observations of every age, and T 
in every quarter of the world, With respect to 4 
| vegetables, Dr. Mead says, ce Husbandmen are 5 
regulated by the moon in plantip g and managing oh 
trees; and considerable effects are aseribed by © 


__ farmers to the full moons of 23. KI: * 
not proceed from any iger 5 
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| And how very eee 
all the - Sealy yh * thebry hold together. 
Yet, chöugh 1 ban, as readily as any man, ac- 
knowledge elle sun, mediately and immediately, 
aa 


yolution of nature, | 74 yet cannot, with equal fa. 
cility, and with the Same convickion, implicitly | 
yield» an acquiescence to a superior faculty i in 


the moon. 1 will 1 not detain you with the | 


many arguments, which have been used, to 


prove che moon to be without an atmouphere 


herself, although ber attractive energy is 80 


potent as to regulate ours; nor with the strong 


reasoning with which clouds and rain are de- 
nied to the lunar regions, although they have 


waters for evaporation, | and an ocean, it must | 


be allowed, as easily to be operated upon, as 


that we have upon the surface of our earth, : 
and which is at $0 great a a distance. It is 


somewhat singular, that the satellite of this 
globe, notwithstanding | her insignificant dimen- 


sions, and her borrowed force, should be thus | 


allowed the place of x supremacy; and though 
in general phenomena She be denied every 


thing, yet that 1 in particular phenomena, | he -- 


Should be given e every thing; especially, also, 


G e e 


xert a boutidless dothinion over every Pro- | 
duftion; And in almost every operation and re- 
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when be, is ackno 
situated, that the utractive of the gu 
is to be considered as "ak. © on n her, as it is. 5.00 
the earth. The influence of the moon thus, 1 
cannot, I confess, coneeive in any manner ade - 
quate to the extraordinarily. coincident ebbs and 


& 8 


flows in the general fluids of nature. The 


5 moon, indeed, I will readily. grant, may be looked 
upon as the inder which unerringly points to 
the tract, or to be an intervening rotatory ob- 
ject, which may, in its revolying situation, ob- 
; struct the influence of the sun; but, the Spring, 

or the motive power, ; > must be of opinion, 
is inherent in some other source. Let us che 


if it be not 30. 


wy 


In tracing the biigin and che as sed in- 
crease and diminution of rivers, the periodical, 
or rather I should have said, the constant 
though unequal melting of the, snow gathered 


on the tops of mountains, and in glaciers con- 


solidated in the valleys, has appeared to be an 

agency of infinite importance. As the lique- 
faction of these masses increased from the in- 
- fluence of heat, we have seen the torrents ac- N 
celerated in their stream, the rivers swoln and | 
elevated in their surfaces, and even these con- 


tinued in | their vigour, until the | rg ad: de- 


wan to an ebb, as the increase had impelled 
them to a flow. Will not analogy then present 
us here with something like a clue, if we turn 
our eyes, without prejudice, towards the enore 
mous glacial asses of the poles? et us at. | 
tend to this subject a little; da 4 guide, 

let us follow the deductions of the benevolent 
and scientific Saint Pierre. * Taking him as 
our guide, we $hall at least have the advantage 
of searching after truth, u pon principles which 
are far from being, occult; and if we do not 
arrive at certainty, shall at least be amused 
| during the |: omg of our horn? FO 


; Fo 1 


« reduce,” rays 'this wth man, * all the 
tides of the ocean to two grand causes; and 
those from the dbssolution of the ice, which 1 
derive from the poles. The masses of ice 
formed i in our hemisphere i in the winter months, | 
form an arch which i is more than two thousand 
miles long, 3 and whose thickness in Spe 
deed is only a few lines, in France a few inches, 
in Germany some feet, but in Russia is mapy 
fathoms, and so mounts up to manly © h\ + 
of feet in the vieigit) of l the 'poles. * E the 
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We re, Hewes 4 5 ain circymnſe. 
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him to oohjecture that: they did not come from 
the Line nor from the Atlantio Ocean, but, that 
the ping enen to! are 
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In — — mim the ride he fond 


to rum at the extraordinaty rate of from 1 f 
to — nnn r Jonce 
D240 60922870) 2177; e 41 
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north of America, and ffom the north of Europe, 


during the months of July and August; must 
indisputablys: act, as) an ayxihary;/if it does mor” 
entirely contribute to — e e 1 9 5 


tides in che Sept mber pur 
further efftisions are stopp 
October, is it not then that our tides bbꝑin 


diminish ? It may be asked, why the tides come 


from the north; and tie east] in the northern 
parts of Europe and America; and whyrthey 


Should come from the $ourth-oriiour .chores, and” 


those of | Ailnerica;'whichoar@cin” ther same lati- 


tude)? An observatiom of Dampier may be 


given as a replycto this - . Dhat'ingenious2puvi- 

gator made this short distinction between cure 

rents and Ic * Qurrents, says bez f 
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on coats.” — ee e effusions fromm the 
northern pole, which are the tides from the 
north and from the east, to those parts which 
dare in the e Ho 

pomed 1 to abe e e course ee ee 


unicate with it, be 


EX; 1 


By ce gene though vt ec eptbl 


| Saint Pha, ö « bey as 50 and to en | 

two counter currents, or positive hydraulic re- 

actions, as is observed frequently i in bits of sttaw, 
eams mounting ene ? 


at the sides of stream 
gainst the course of the streanis.“ A 


found very W to mY _ these * 
I teral 


hk : ' 


of the pole, and to 


Icean and the Equator, drawn uther 
by alis bie of the mass of waters, ocea - 
sioned by continual evaporation in the torrid 
zone? Even the masses of ice, themselves, 

are observed to move towards warmer climates: 
they have been met with, to my own know-- 
ledge, five hundred feet igh in forty- one de- 
grees south, five miles in circumference, and 
Farenheit's thermometer sixty degrees ; and 
this proves either a strong current, an attractian, 
or some other _ SIO OY = a 

c e «= * 70 UE n 


5 * ; 2 
#7 #3, 15 3 


* 15 


teral counter Gs us Pere Charlevoix, 
talking of counter currents in the lakes of 
America, Says, ' e Ces grands courans, ne 88 
font sentir qu'au milieu du canal, et pro- 
duisent sur leurs bords des remoux ou contre 
courans, dont on profſte quand on va terre a 
terre, comme sont obliges de "ou ceux qui 
voyagent en canots de corces. Even in the 
lake of Geneva, I have ban informed that 
there is a lateral flux and reflux in summer to- 
wards the evening, and this occasioned by the 
increased __ SSC IN oy _— _ N 8 ice bas the” 
, 157 70 OR e eee 
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The guard current, hich flows" Fas our 
pole in summer, and which may be eupposed 
to spread rapidly, traverses the Equinoctial Line; 
for it is not then stopped by the effusions of the 
southern pole, the more extensive dominions 

hav pole being one vast and hoary region of / 

| In the same manner, it may be presumed, ad 
it - dig beyond the Cape of Good Hope, 
though a strong westerly set towards the Equa- 
tor is generally prevalent round the Cape; and 
taking its direction thence from the position of 

Asia and Africa, it forces the Indian Ocean to 

take its en "ey anten to its ordi- 
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of course caused by the cessation —— | 


| current from the north. nen cotrimer 
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our tiles, . * 


ee, oy fora — 
| — ee ee ee eee | 
Sees; for exampl: „Why those of the oveningay 


because wet sun en bee powerfully in the day } 
than in the night, on the glaciers of our pole. In 3 
TE: foe, comune covered with now, the 


morning, chan in the evening. This: 
A 2 | why our tides in | 


shews\ us the reason, likewi 


t Ka 
. Wei my way amt mins 


setting in eee came timezir is tr uwe, . 


he, never ascends aboye, nor des ends below: 
; horizon, more than twenty thret de 


5 Wen in winter. 


DEE 


in che Indian $eASi me, ere 


in winter, are more considerable 


half. The polar — 
a 1 moon e y have 
see the full en dw. they ace-chs u. 


in winter, mae ae en . 
mer. In which, of these periods, then, is the 


strongest tide in the oean? Ellis answers as. 
above 3 3 * jowards t the northern pole. in che sum: | 
mer,” Bur, i is ix, by. attraction, ar by. effugion,. - 


that the tides of the ocean come fromthe poles > 


And why i 18. not a polar effugion, from nearly, 4, 
quarter of the bulk of the whole. globe, office, 5 


to be admitted as capable of spreading to shores 
at four or. five, thousand miles di istance, as a 


mountainous effugian from an Imaũs, an: Aydes, 


>, an Alps, 1 is. known. to. be _capable of a two 
ipdthree, thousand miles run, from their sources 
to the sen? The current, of the ocean, not 
being visible, does not afford the slightest ob- 
g jection against che hypathesis, ] n whatever man- 
b ner a mere negative may be supposed to.1 mili- 
tate against a polar effusion,, in like manner, 
and with equal, strength, it militares against a 
fluvial progress by atraction. | In open, seas, the, 


tides in general rise but to very. small heights, i in, 


| proportion. to what they, do in, wide;mouthed 
nvers, opening, in the direction of the Stream 
of tide. For, i in channels growing narrower gra- 


| dually, the water is accumulated by the oppo- ea 
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wider end of the pass be next ths "ou and 
in the way of the wind. The Atlantie does 
not shew any current tending particularly to 
the Mediterranean, though it is always rapidly 


running into the Medi iretranean, through th 


Streights of Gibraltar. The like is the che 
with the Black Sea, before it ; rushes op 


the Dardanelles. | 
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But let us Pe a W. other ade f 
| which lie between the poles and the en 1 
| which we shall find more surprising, and even 
Still, perhaps, more convincing, It is at the 
| Solstices that we have the lowest tides in the 
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year; and it is at the same periods char 


most ice is at the poles, and consequently ; 
the least water in fluid is in the ocean. The 
solstices, you will remember, are two in 


year, the estival or summer solstice, and the 


byemal or winter solstice. The word, you 


know, means the sun's arrival at his greatest 
distances from the Equator: the summer $ol- 
stice is, when the sun seems to describe the 
tropic of Cancer, which is on the 22d of June, 
when be makes the longest day: the winter 
solstice is , when the sun enters the first degree, 


or Seems to describe the tropic of Capricorn, 
which is on the 22d of December, when he 


3 | makes. 


C . 


Arran i. 4 


. 


1 che shortest day. This, 4 course, is to 
be understood of our northern hemisphere; in 


the southern, it is just the reverse. But, the 
plain reason why at. the golstices we have the 


lowest tides, is this: the winter solstice, wit 
us, is the period of the e greatest cold, and there 


consequently is then the greatest volume of 


ice in our henlisphere. It is true, it is the sum- 


mer solstice at the southern pole; but there is 
very little ice then melted at the southern pole, 


because the action of the greatest heat is not 


as yet felt there; as indeed we experience in a 


similar case ourselves, for we find it is not until 


the earth has acquired a considerable degree of 


heat, joined to the immediate action of the sun, 


which does not happen till six weeks after 


our summer solstice, that we have Aw Dotter | 


days in the year. 


* 
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The contrary, however, to this, the highest 
tides, we certainly have at the equinoxes ; for it is 


then there is the smallest quantity of ice at the 


poles, and consequently the greatest quantity of 


water in the ocean. For, as it has been calcu- 


lated, the earth and the sea, which 1 is covered by | 
ice, may be equalled to one tenth. part of the 


whole ocean; and the height of the polar ices; 


from their base to their 8 is at least six hundred | 
ut feet: 
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nee ent)” vis dais eO FER, 


1 rte W.. 
feet: a mass, which, in mating, Wg 


i ; varily add one tenth to the level of che Oden. 
dat is, sixty feet, which we wilt reduce to My, 


to make allowance for the difference between 
ine volumes of ice, and of ice when melt into 
snow. At the equine in September, the g "2 
est part of che ice ar our pöles, which has bee 
wWotked upon. during the while summer, is 
melted; undd it is at the same time also, 127 4 
Ice at the southern pole begins to thaw. Yo 
will observe, however, that the tides 4 che 
equinox in March are higher than those of $$. 
tember; and this proceeds from its i Ye 
end of zummer at the southern pole Which hs 
a greater mass of ice thin the northern, a 
consequently gives a greater volume of WO 
the ocean. The reason of its having wore fee 
is, that the sun continues six days longer ih the 
northern, than in the southern hemisphere. The 
 Intermissions, however, between these pennt ef 
fusions, and which of course, must be suppose 
to cause the flux and elur ef our tides, t ice 
in the course of the four and twenty hours, may 
probably depend on the melting of the ice duri 
the course of the day, and the oessat ion, bor the or 
considerableness of thaw; during the night. 
the- EROS INS e of an hour 


"om 


* rea- du Monde. 


wa e 0 by the F : 
rence of ee in the body of the ice, as it 
progressively rec des towards the pole, and as, in 
im daila — the * 4 een gets _ 
ther de anus PET e 


Frag: al dis chen 5 be ts 
the exclusive action of the sun and moon be- 
tween the cropics, that the tides are to be de- 
duced; but that it is to the influence of these 
dl _— oak As ene nach 
co-ordinate with the course of the sun, which 
creates those effusions, ithe reason is clear, why | 
the tide and the phases of the moon, , Should 
happen at the samt time. In a word, che tides 
are semi-diurnal polar effus ions, as the general 
currents of the ocean are semi- annual. I say, 
the two general currents in the year, because 
the sun in turn warms each of the two hemis · 
m eee . nun vo- 
lution. [Nees 7 


Providence thus,” says Saint Pierre, bas 
probably ordained, that che effusions from the 
polar regions should be in proportion to the 
evaporations from the ocean. And hence, we 


Ws ende. 4 two nlp of the a 
untains; the two poles, as the xy. 
Summits; wok these eee and the seas, a8 


the rivers which majestically flow from them. 
And if we compare the proportions of the gla- 
ciers of Switzerland with their mountains and 


with their rivers, we shall be able readily to 
form an idea of the polar glaciers, and of the 


Oceanic rivers, which they send forth. The 


tides, indeed, are twice in each day. But, this 


is to be accounted for, as I have already sgid, 

from the sun, in his progress during the twenty 
four hours, heating both sides of the polar ice. 
In lakes, in the day time, there is a sort · of flux 


and reflux. | Nor is it to be doubted, that | if 2 


vun, during the course of the night, could heat 
| the opposite sides of the mountains whence lakes 
are derived, they would also have a similar flux 


and reflux to that of the sea, In all this, how- 
ever, we are not to suppose chat each day's tide 
is the same day's effusion at the pole. It is only 


the effect of a course of such effusions, which 


perpetually succeed one to another; and the 
time, which any diurnal effusion at the poles 
takes in eee to ns —_ be * at SIX 
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Tus e plain dechaficg: of the tides 
of the ocean, from the glacial: 


SV. 


pr is too novel, and too n 1: am 


mobility, . The e ani of thn flow, 


masses of 1 ice, support it by analogy z; ar 


phenomena. of the spring and neap 2 : 


counted for, both by reasoning andby<calculati 


In the main of the ocean, for instance, it is 


proved that there are. i 1nN-generai no tides, An the. 
Caspian Sea, which is about 860 miles long, and 
and in one part 260 miles broad, 
tides, though there are strong currents. In . 
Baltic, there is no regular flux nor reſlux. 


is no tide in False Bay at the Cape of God 
regated mae of 0 


Hope, which has the aj 
Indian, Southern, and — 4 
ame may he said of the Medi 


ing in a few particularly-sitared — 


in the Adriatic there is a flux and reflun. Mhy 
are the first of these congiderable: masses af tlie 
rot J J. enn 


there are na 
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general 954% br che waters never raised, 4 the 
others always raised? And why i is it, as Addison 
Says, and as I haye before remarked, that in 
summer, the lake of Geneva should have some- 
thing like an ebb and flow, which arises, as it 
should seem, says he, 4 from the meltin of 


= the $ 


0%, that falls into it more 3 


3 than at other t os of 1 ho mY 


* I 2 9 4 *\ 8 
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These ing 0 Pn? Abad; or raided on- 


e the received theory of the tides, 


argue with me, strongly I confess, against the 
infallibility of che doctrine. cannot but think 


pon ourselves, ds wa 


te the operating energy of cauzes arbitrary 


imagined. However the phases of the moon 


may accord wirh the swellings of the water, a/ 
not both one ser other be looked upon as 


— 5p Dice nor: alwiladl 5 en 


to be, chat it is not the mass of the ocean, whi 
is'diurnally raised, but, that it is che ae 


posing bodies intervene, chicks oppaxing bodies”. 
which would otherwise impede its progress, 

must ee a considerable age in w_ . 
pearance from its unusual elevation. The shores 
of thi northern and southern ee A _ 
be considered as opposing bodies of this nature. 
The shape of the ghore, indeed, andthe dern 
of the beds of the rivers, | will determine the 
greater, or the lesser height ee their 
influx. For instance, in the Severn, the tides 
do not rise higher than a few feet; whereas 
in the Wye, whose tides are immediately derived 
from the Severn, they rise to the extraordinary 
height of sixty feet. Can this be occasioned by 


any thing else, than a difference in the planes f 


the beds of these rivers? In a word, to my ap- 
prehension it appears, the swelling of the ocean, 
by the joint attraction of the sun and the moon, 
is les physically goto than the periodical 
effusions of the polar ices: and more especially, 
as we experimentally know, that the sun's at- 
traction of a fluid, occasions its evaporation, not 
its elevation; and that the influence of the 
moon, if it has any, is at best but problema a 

and feeble i in its perngi0d. 
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| contradiction; we his besides its wondrous 
influence on the element of the waters; it can 


be further, and perhaps more clearly proved on 
the element of the air. This is going a great 


way. Give such energy, indeed, to the sun, and 
I am satisfied. But, if one be erroneous, the 


other must be erroneous. Or if one be true, 


dhe other must be due: for the vecan if us 
5 ih 45 es | hd contiderably greater 
en e as it n. e e en its end. . 

SELL 40h 


pete cds hep a of os pole 


| e en seems to me, to have less difficulties 

attached to it, and to demand less implicit faith, 
dan the theory of the solar and lunar attractioi 

1 may, indeed, be Wrong; but, I honestliy con- 
not comprehend. how tides in che ar, 


fess, J car 
tides Ace brain, or tides in the ocean, can, in 
any specifie manner, be brought about by lunar 


attraction. I am well aware of the great names, 


frominekich I venture to differ. On _— 


1 in 0 7 
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or of an ache! for-L admit! the 1 word, | 
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rant. The attraction that lifts up the tide, is 

the occult, the I bee I may 
this: 5 * upon what principle of reason can I - 
Wot we enc dy of the ocean to be 
moon; a oth given quantities of Water, | 
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together with its various phænor 


penetrable. Des Cartes, indeed, thought it not 
too much to say, the rock differed in nothing 
| from comt 
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proce dts a 
gion in which a variety nf que nbc; stupendous 
terrene substances have been gathered togethet, 
or erystallized. The ene had been the 
parent of the solid rock, whose r e 5 


shew' it to have once been soft or iquid,; for 
zubstances that are found in it, could dot have 
entered into it, after it had become hard and im- 


non metal, but in the grossness of its 
elementary particles ;” while Tournefort, on the 4 


| contrary, held, that stones, like plants, were ll . 
. generated from a seed.“ An appearance of 5 80 
veins, which he observed in certain stones, as v 


well as the stalactitical increase of the inscrip - fe 


tions on the famous grotto of Antiparos, led 4k 
him to conclude, they were really of an organic 5 


structure. But it is now, I believe, granted on . 


all hands, that stones do grow, by the concre - 


a : 8 


tion of terreous nd tees nila ac- - 
_ cording to their mixture, niake either ada- 
f mants, eee free- stone. Osseous . tes- 
Their Aby; 3 is not n Like 
other things that have growth, they have decay. 
Were it otherwise, were stones continually to 
increase, and be sensible of no decay, the whole 
world would have been turned, by this time, into 
one massy rock, by petrificaions. But, air and 
rain work upon those parts that are exposed; 
and fire upon those that are imbedded. They 

crumble pereeptibly, and in this's SUCCESSION N 
| Denn 28 | 


LATTER: XXIX, | 


ue boden an 0 ee 
mineral substance, is progressive; Pants and 
fruits, from seeds; and stones and minerals, from 
the bowels of the earth, or water. * Wee satu- 
rated with calcareous e adhe 
tables and other substances, at 
stant neee of stone are formed. 
Witness the exuviæ of animals, and other things 
found in stone. In caverns and fissures, sta- 
lactitæ, laminæ of spar, lead ore, zinc ore, py- 
ritæ, fluor, and other substances, ctystallize in 
various forms, owing to water filtrating * 5 

A D d 4 | 


5 1 — 
| mage De substances, and be- 
— thus. Saturated. with metallic particles, 


Taverns and Packing: in a err state, the 


aqueous particles evaporate, and leave the mi- 
neral substances to unite, according to their 
affinities. Thus, in like manner, all beds 
of ieee eee in @ btate of flu 
e 2 of FCC N 200 
4 T6 this Af of W a N Ws 

ww which chymists call a dissolution. At 
zs an attenuation, a division, a total dispersion 
of the solid body, brought i into contact with the 
fluid body. Thus in the i stande of chalk with 
the vitriolic acid. We here find their af 
to combination to be stronger than the natura 
texture of the solid; the aggregation, Which 
made it a solid body, being dispossessed of their 
property by the acid. * And hence, before two 
bodies can combine, one at least must be in a 
state of ait Boz, ie it is not necessary, as the 
old axiom. had it, that both TONE be fluid, 
«6 ene, Ws non agunt nisi sint IN en 15 
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that most a aline combinations; whether 
obtained by solution or sublimation; and metals, 
if suffered to cob! lowly, have their peculiar | 
forms, though 1 in some more evident and disti 
guished than in others. This property 
crystallization, is by some dining into two 
kinds: the one made in a menstruum, as salt 
crystallizes in water; and the other by mere 
cooling, as when water freezes alone. But, it 
long was a question whether stones, particularly 
precious stones, rock crystals and flints, were 
crystallized from a state of solution in water, or 
of fusion by fire. Many were of tlie latter opi- 
nion, though pure vitrifiable earth cannot be 
brought into 1 by the most powerful heat 
ol our furnaces. . Yet,” says Dr. Eason, “ as 
a black flint ai 8 melted without addition 
by the concentrated rays of the sun, it is proba- 
ble there are, ot have been degrees of heat in 
nature sufficient to produce the same effect. 
Moreover, it is probable that the immense mas- 
ses of fires, which seem to be the cause of earth- 
quakes and burning mountains, are sufficientiy 
FF © -  8trong 
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strong to ig b faden Wepa kind * 


vitrifiable earth, And as che stones above men- 


tloned are known to be compounds; they must 
de more fusible than the vitriflable earth simply: 
besides, in addition to that earth which thakes 


their basis, they contain metallic 'calces, on 
which their colours, depend, and 'a' particular 
matter, determining the bene i into y which wy 


eo omen * S 
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. insurmountable difficulty; Flints are known; as 
1 formerly instance 


in a very moderate degree of fire, both-thelr 


transparency and their cohesion, as thost stones 


do which have erystallized from water "nook 
crystal has sometimes a drop of water, and even 
vegetable and animal matters in their natural 
state, inclos:d in its substance. The diamond 
is combustible, or totally to be consumed bythe 
action of fire, without entering into fusion. 
These stones, therefore, could not have been 
produced by violence of fire ; and the -orysral 


pits in the Alps, afford satisfactory evidence 


that this kind * stone is eee from 


: 1 > F * * 
3 But, 
© a 
RET 
abs 


to you, to have unequivoeal 
marine bodies in their very centers, arid to lo 


8 
* 8 


2 let us come a little closer to the ques- 
Crystals are bodies, which though desti- 


tute dae organic structure, yet externally resemble | 


geometrical figures. As a great vari 
forms may be produced by the spathaceous 
ticles accumulated in different ways, it is "od 


bable, that the difference crystals have in their 
consistency, surfaces, angles, and sides, is o W. 


ing to variety in their mechanical elements. But, 


here a question may properly be started, whether 


the most minute molecules, and as it were the 
staminæ, be naturally possessed of a determinate 
angular figure, or whether they first acquire it 


during crystallization ? This I cannot anuser. 


Experiment however to prove, that whether 


they have, or whether they have not, this deter- 
mination in the molecules, they have, at one mo- 
ment or other, a determinate angular figure. The 


watery particles concreting, exert àa double 


dency; by one of which, they are formed i into 


spiculæ; by the other, these spiculæ are 
in such a manner with respect to one another, as 

to form angles of 60 degrees: and irate 
varieties observed in the particles of snow may 
be easily explained. We have, therefore, only 
to suppose, the particles which are employed in 
aun to be nere Sage, a tendenc 
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to form spicule; and these spiculæ ah a ten- 
diency to arrange themselves at equal angles of 

_ inclination, and we shall then have both the 
1 Pyramids and the triangles, composed of them: 
as the angles af inclination vary, the triangles 
ferent forms of crystals will be produced. Upon 
any other supposition, than that of the exis cc 
of the mechanical elements under determinate 
and peculiar figures, it would likewise be im- 
Possible perhaps to assign a qauso, which $houl 
arrange different substances, under different an- 
_ les, and yet preserve these angles always don · 
stant in the same substance. Powdered resin, 
which must doubtless consist of particles of 
great variety of forms, when sprinkled on an 
electrophorus, is, by the electrie fluid, formed 
into stars like those of snow): from the external 
appearance indeed, on all occasions, is warrant- 
ably to be denied, a suspicion n = 
Rs of the Aa constitution. e 
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is is by means of water, as it easily takes up; saline d 
matters, and upon being sufficiently diminished © 
by evaporation, yields them again in a concrete b 
state; nay, until lately it had been thought, that if 
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tained.” And yet it is s asked, is water porous? 

Does it absorb into its pores, and without being 5 

in the least augmented | in bulk, these very saline 
particles? The question, I confess, is difficult, 

however affirmatively it may have been deter- 
mined by philosophers The passage of light 
through it, indeed, and other phenomena, in- 
dicate the existence of vacuities in it. Vet, it 
is not readily to be explained, however solution 

be carried on, how even the smallest quantity . 

salt can be dissolved in the largest quantity of 

water, without increasing its magnitude. But, 55 

it is not only when actually dissolved in water, „ 
that crystals require determinate forms, but, ii Mf 

is also most probably the case, when they are 

only sufficiently attenuated and mixed with it; - 

for substances not soluble in water, will/ yet re- 

main suspended in it; and such substances 

doubtless possessing attraction, and also the ne- 

cessary degrees of mobility, there seems to be no 

reason why they should not form crystals. And 
it appears highly probable, in reality, that many 

of the earths which occur in the mineral king- 

dom, symmetrical and of a regular form, have 

coalesced in this way. Crystals may frequently —._ 

be obtained by fusion and slow cooling; glass, 

if melted, and slowly cooled, forms bean 

eee Scorie, taken from furpa 
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Iron has been fused, have been found of à 15. 
gular prismatic figure, In large metallic masses, 
such especially as are difficult of fusion, the 
lower particles are generally so much pressed 

by de weight-of the; miperior;chet\ abe, 
no signs of crystallization, although on the upper 

surface of gold, silver, Naber * wenn f 
_ tiful n are formed. 15 85 


-This property 4 ri > seems to ates 


log to every soli body, provided its./ particles 
be so subtilely divided and suspended, either in 


the dry or in the humid way, that while they 


are again concreting, they may be at liberty to 
obey their mutual attraction. Nor when we 


we should refer the congelation of water to an 
operation of this sort. Let it be consideted, 

that it is by the means of the matter of heat, 
_ that water is fluid, and that when this matter of 


lizes, and becomes ice. Congelation, and crys- 


Np Wer cle" nm —_ 


ms md e considering that 


eee angular form, and frequently 
ene 


_ this. en do belong exclusively to 


8 


any thing saline, or else possess it in such small 
quantity, that no trials hitherto made, have been . 
able to discover the least sensible traces of it. 
Gems, granites, schoerls, mica, and other earthy 
bodies, are frequently found figured, though 
analysis can discover nothing saline. The same 
is true of gold, silver, and the other native 
metals; as also of lead, tin, bismuth, and zine 
united with mercury, of which all put on re- - 
gular forms e to we quantity of the 
mam 810 e „ 


| pie hens ir pie * - fl 

an ene have attributed this figure to a 1 

alt, which they have fancied to be concealed in 3 

that body. But, this has been erroneous; as from a 1 

experiment it has been found, that a very great [I's 
number of crystals are tither totally destitute of | 

it 

| | 


In order pag that the form of a crystal 
may be regular, three circumstances, it is. said, 
are required; time, à sufficient space, and re- 
pose. Time causes the superabundant fluid to 
be slowly dissipated, and brings the integ ts 
nearer to each other by insensible gradation, : 
and without any sudden shock. Tbeir eee 
parts, therefore, unite according to th 

laws, and form a regular '. Spa - 
nn. W is like wise 2 condition necessary 
Ae 1+ „ 
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iron has been faxed, have been found of © . 
„ gular prismatic figure, In large metallic masses, 


auch especially as are difficult of fusion, the 
lower particles are generally so much pressed 
by the weight of the superior, that they bew 
no signs of crystallization, although on the upper 
surface of gold, silver, _—_ 158 ane beay- 
75 tiful 881 Mg are ed. 8 85 e 3 


This property abs bm Seems. to ot F 


85 a to every solid body, provided its moe 
be $0 subtilely divided and suspended, either in 


the dry or in the humid way, that while they 


are again concreting, they may be at liberty ta 


obey their mutual attraction. Nor when we 


say this, let it be theught extraordinary, that 

we should refer the congelation of water to an 

operation of this sort. Let it be considered, 

chat it is by the means of the matter of heat, 
that water is fluid, and that when this matter of 

Hh beat is Shines. to a certain 2 _ 


allzaio appear be one and the same 
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5 Ale celebrated anti comndering tha 

many salts affect an angular form, and frequently 
one · of a eee eee ee 33 
70 usively to 
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salts; and when they FO met . any Sh : 
similarly figured; have attributed this figure to a 
salt, which they have fancied to be concealed in 
that body. But, this has been erroneous; as from 
experiment it has been found, that a very great 
number of crystals are either totally destitute of 
any thing saline, or else possess it in such small 
quantity, that no trials hitherto made, have been 
able to discover the least sensible traces of it. 
Gems, granites, schoerls, mica, and other earthy 
bodies, are frequently found figured, though 
analysis can discover nothing saline. The same 
is true of gold, silver, and the other native 
metals; as also of lead, tin, bismuth, and zine 
united with mercury, of which all put on re- 
gular forms AY to The e 5 3770 
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In order Boum that the form of a crystal 
may be regular, three circumstances, it is» said, 
are required; time, à sufficient space, and re- 
pose. Time causes the superabundant fluid to 
be slowly dissipated, and brings the integral 

nearer to each other by insensible e n | 
and without any sudden shock. Their integral 


parts, therefore, unite according to their constant 
laus, and form a regular crystal. Space, or 
sufficient * is likewise a condition necessary 
"221961137 1 + DEE ig for | 
2 


8 — xxx. 


— 


fror COM regular erystallization. If nature. 

| = be restrained in her operations, the product of 

ber labour will exhibit symptoms of this state of 
constraint. A state of repose is likewise ne- 
cessary in the flvid, to obtain any regular form. 
Vnignterrupted agitation opposes all symmetrical 
arrangement; ; and in this case, the crystalli- 
ration obtained will be confused and i - 
minate. To salir substances, the water of crys- 
tullization 18 necessary; and crystallization is al- 
ways said to begin at the surface of the liquid, 
or on the sides of that by which it is contained; 
1 because those yon are Fn first which 
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But, to obtain bodt ies e ence FT” of erys 
«a a previous solution is not always necessary. 
A simple mechanical division is sufficient. So- 
| lution does not change the nature of bodies; but 
simply procures an extreme state of division; e 
50 that the dis united principles approaching each in 
other very gradually, and without starts, can 
adopt themselves to each other, by following Sta 
the invariable laws of their gravity and affinity. cie 


Now a division purely mec produces dor 

the zame effect, and places the pin gps in the ee 

ame © des e We W ee =+ns Ve 
OF b 9 $314. 8} 199 1 7 ok Fs be To 
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be surprized, if ci ahh such as gypeum, 
when dispersed in the earth, should assume re- 
gular forms, without any previous solution; 
neither ought we to think it strange, if the im- 
perceptible fragments of quartz, spar, &c. wen 
carried along, and prodigiously divided by the 
action of the waters, — be ES cps 
form of "Owe monde W 8 J 107 


The gem 1 hav . FO frequently 
also been ranked among saline bodies. But, in 
so doing, naturalists have regarded nothing but 
their figure. They have likewise been ranked 
among vitrescible stones. Those who class them 
so, besides various negative criteria of lesser 
moment, maintain, they have a glossy ap- 
pearance, and that in fusion with fixed alkali, 
they run into a pellucid glass. The former of 
these assertions is not correct; the latter, indeed, 
refers to a quality more essential. Hlardness is, 
in general, but a very vague mark, as it often 
depends upon the degree of exsiceation, the sub- 
Stance still remaining the same, as appears suffi. 
ciently in soft elay, when well burned. What 
some call vitrescent earths, others denominate 
eee but, names es change nor | OILS: 1 5 
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5 * of some eee J.own the im- 


. 


ee 5: consist 160 0 same r 455 
ee earths form the greatest part; then 


the siliceous, next the calcareous; and least of 


all the iron or ferrugenous. The two first ingredi · 


ents vary extremely: they exceed all other bodies 
in hardness. What a prodigious degree of exsic- 


cation PT exsiccaion i is in truth to be admitted, is 
requisite to occasion such a degree of hardness 
The heat of the temperate zone is supposed in- 


sufficient for this purpose, and the more con- 
stant and intense heat of the tropical climate 
absolutely requisite. Condensation is the ne- 


cessary consequence of this hardness; hence 


the gems are more ponderous than the earthy 
crystals. But, on this head, I must confess 1 
have some degree of hesitation. Exsiccation, we 


must indisputably allow to be necessary. But, 


as the rays of the sun penetrate only an incon- 
siderable way into the earth, can we, with strict 
Philosophical precision, conelude, that exsicca-· 


tion proceeds from the action of the external 


heat? The depth at which gems in general are 


found, is greatly out of the reach. of the solar 


influence. Should we not then look for the 


plic 
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pleit 40580 of the opinion „is beyond the reach. 

of my faith, But, it is the celebrated Bergman 
who advances it; and he is too high in repu- 
tation, to be hastily deemed ertoneous. We 


shall presently see what 1 is to Nas _o PAC 80 
eee heory it. tom z 


To the Alicsous class, we may, without re- 


serve, refer quartz and mountain crystal; por. 


phyries, properly $0 called, and jaspers, but 


more ambiguously petro-silices and felt spar; 
as also zeolites, schoerls, and lastly, garnets, 
which are, as it were, intermediate between 


those and the gems, which are to be en- 


 tirely excluded from siliceous earth, as not only 
by their nature, but by the proportion of their 
primary principles, they challenge a place among 
the clays. Most of the ambiguous stones abound 


in siliceous earths, and contain, besides por- 
tions of calcareous and argillaceous Sarnen cer» 
tain portions of rhe ziler wt . 8 — 


0 bee we \proceod on ahi] l 


may not be amiss to enquire into those elemen- 
tary particles, of which these gems, crystals, 
&c. are said to be compounded. Earths are 
commonly understood to be tasteless, inodorous, 
ary, brittle, uninflammable substances, which are 
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as of belig metallized, and are + nh 
soluble in water. They are, in their simple state, 


that white, friable substance, which remains of 


a bone, after all the other principles are burnt 
out of it; and will endure the utmost violence 


of fire, without being consumed or vitrified. 


The five simple earths are, the calcareous, the 


ponderous, the magnesian or muriatic, the ar. 
gillaceous, and, the siliceous. And all stones 


and earths, hitherth examined, are found to con · 


sist of these, either singly or mixed; or chy- 
mically united with each other in various pro- 
portions, together with saline, inflammable, and 
metallic substances. For in the earth they are 
seldom or ever found perfectly pure. The cal- 


careous pure, constitutes a lime; the ponderous 
pure, is also in a state of lime, and perfectly te · 


sembles it in taste; the magnesian and argil- 


laceous may likewise be called absorbent earths, 


as they are combinable with all acids; the si- 


liceous alone is a crystalline, quartzy, or vitri- 
fiable earth, as it is that of which glass is usu- 
ally formed, and unites with no _ _ * 


1 . 


All earths may de Ade ined „ . 


compound. N as these five  _ 


2 


6 


ww wich; all terrene compounds may be 
ranged. Compound, as those that are com- 


bined or mixed in proportion, either with each 
other, or with a saline, inflammable, or metallic _ 
principle, yet not in sufficient proportion, to re- 


quire them- to, be arranged under zuch foreign 
principles. Thus, gypsum is a compound earth, 


consisting of a calcaregus earth, and a saline 
principle. But to say a few words concerning 
their more peculiar characteristics: : argillaceous 


earth is distinguishable from the extreme sub- 
tilty and fineness of its integrant parts, which 
render it smooth to the touch, and slowly se- 


parable from water when, diffused through it; 


also from a certain viscidity and ductility, which 
proceed from its power of retaining waer: and 
of these properties magnesia also participates, 
though in a lesser degree. Siliceous earths, on 


the contrary, are characterized by roughness, 


hardness, sharpness to the touch, and a total 
want of flexibility, and adherence to each other, 
when minutely divided, and a ready separation 


from water: of these properties, caleateous and 


ponderous earths participate, though in a lesser 
degree. The earth alone, however, which 


can be looked upon as the menstruum of 
other earths, is the calgareays for arroniiog - 
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to JT 838 discovery . . d' Arce t . | 
they are all rendered fusible, by a proper pro 
portion of chis earth, e infusible/' of 


Its siliceous particles being such, as not to be 


divided; and, on the contrary; flint, as clay very. 
much condented: But, he was in an "ertor! 


ETTER Alx. 


themselves. eee 47 16 Wee 


| There 1s en pls on i which 1 had 
long differed in opinion, namely, the earth of 


| 5 alum, one of the most valuable materials in the 
arts; the soul of the art of dying, and the mor- 


dant to all colours.” At length the celebrated 


. Margraaf demonstrated, that all clay upon the 
surface of the earth consisted invariably of two 
| Principles; one of wh ich forms the genuine 


earth of alum, and is perfectly different from 


calcarebus, gypseous, or metallic earths, and frot 


magnesia. The tenacious and plastic quality of 


clay when moistened, its cracking when dried, 
and finally, the flinty hardness which it acquires ; 


in the fire, are all owing to the earth of alum. 


capable of being either softened or barden 3 
Buffon, indeed, considered clay as flint minutely 


There is WOE a portion of clay, though ex- 


tremely small, which is always Wönd even in 
quartz. But, the siliceous earth dissclved in 
9 alkali, W by means of the ice 


- 5 A acid, : 


888888 
A 


acid, form: chan. 4, - a: to 4 25 


test of eee Wer 3 falls to the 


ground; for pure clay is converted into alum 
by vitriolic acid; and the siliceous earth is not 


50 much as dissolved by that menstruum. Com- 
mon clay, to say no more of it, is a mixture of 
argill and siliceous earths, i in which the latter 


mostly predominates. * All clays, however, | 
which contain a mixture of calcareous or muri- 


atic earth, or gypsum, or due or felt we or 
N are more or nee e uf bis e 


4. 2 
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2 some eee ase een all oh prom 
| stances bitherto examined in nature, have evident: 
ly appeared to be con 


tossils so called, may be. ranked thus; crystal, 


agate, jasper, emerald in form of pebble or crystal, 
carnelian, sarda, or sardius, all name sof the same 


stone; onyx, an undetermined transparent gem: 
sardonyx, a semi - transparent gem, which par 
takes of the flesh colour of the sardius, and of 


the zoned or tabulated form of the onyx; the 


mpounded of one or more of 
these elementary principles. As to the gems; the 


topaz, called by the ancients chrysolite; the sap- 5 


phire, the ruby, the carhuncle, which is a species 


of ruby, the bery 
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among them, arises from their transparency or 
opacity. Crystal is of the purest kind. preg 
man has formed perfect crystals, by diszoſying | 


ture forms them in a long eourse of time, from 
a solution or diffusion of this earth in pure wa- 
cer, or water that holds a little argill or calca- 
reous earth, which probably enables it to take 
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But, ee wust for the procemt * a 


as we nacher) seen, are of the siliceous ge- 


nus, and in general contain a slight mixture of 


other earths. The most obvious . 


silicedus earth in the sparry acid, and 
it to crystallize slowly. It is probable that na- 


tp more of the ailiceous en ot 
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Pare bene ths din from a 
less 8 — een — a mixture of 


precious and rare productions, and confine our 
_ enquiries to other crystallizations, which are 
abundant, and more evident to our senses. Quarix, 


ET: ER XXIX. y 


slate or schistus under this name are 5 great 


variety of stones; the argillaceous grit, free · stone, 


or sand- stone, is so called, because it may be cut 
easily in all directions. The Horn- stone, has be- 
sides a partial solubility, 


strike fire with steel. It is frequently mixed with 


pyritæ: and De Saussure says, he is firm 
ly persuaded it is, when in a state of fusion, : 


the first matter of lavas and basaltæ. Common 
flint, silex, or pebble, is found of all colours. It 
is composed of erystal debased with earth, and is 


commonly covered with an opaque white crust, 


vbich seems of the same nature, hut more im- 
perfectly combined. Flint is always semi- rans- 


parent in thin pieces; its hardness is various, | 
| though 1 it always gives fire with steel; its tex- : 


ture is solid, whereas that of quartz is loose; 
it breaks with ILL. 20th surfaces, One of which i 18 


convex, the other concave ; it is never found 
crystallized, but rather, in separate irregular 
nodules, scattered through other strata, and 


plentifully in England, in beds of chalk. It has 
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preasy; r to the tuch. which dincinguiahes i from 5 
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| gh without effer- | 
vescence, in acids, a hardness never sufficient to 
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CES 


| Felt par, or petuntze, is generally opaque 


In granite, however, i it is impossible to discover 
any cement, such as is observable in pudding- | 
stone, breccias, and grit. All its parts appear 
integral, and seem so well adapted to each other, 


LET? 'ER XXIX. | 


found of all colours sometimes „ 
rhombic, cubic, or parallelipedal 
often without any regular form: its texture 
close but lamellar, and breaks like spar. 


constitutes veins or strata, but is either found i in 
loose masses, at most two inches long, or mixed 
with sand or clay; or embodied” in other stones 
has a sparry or semi: vitri- 
fied appearance. It is always crystallized in some 
polygon form; its texture obscurely sparry : it 
is of all colours. The tourmaline is a variety 

of the schoerl. Pudding. stone, \breceigs;s "owes | 


as granites. ' Sch 


which consist of a siliceous ground or \cernent 


called pudding- stones, if angular breccias. 


9 . 14 KI 2 * 
1 15 2 . 


che e Coarser "Og rs . made. 


wee bas W — „ 8 
composed of grains of sand or gravel cemented 
together, and hence probably it derived its mmer 


that one might say, ey were en, together, 


_— 


forms, and 


(commonly petro- silex, jasper, or — 7947 
in which pebbles of silex or agate are inter- 
spersed: if these be round or oval, oY are 


tender. They indisputably were all formed in 


the en and by the same cause, the 

Fhich was crystallization. ai 

yonnols,“ says De Saussure, “dans 
zudan, dans le vosges; 


des lieus entieres de pays, dont le terrein n'etoit 


principle of 
vu dans le 
Auvergne, dans le Gevau 


autre chose qu'un sable grossier, produit par la 
dẽcomposition du granite, qui forme la base de 


ces memes provinces. Cela ne se voit que trẽs 
rarement dans les Alpes; les b eech on 1 


we Enes ont ne de solidite. abe 
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Te ens consists of dsüngt masses of ce 


tain crystallizations, firmly compacted together; 8 


their proportion and size are extremely variable, 
as well as their colour. In the fiher granites, 


the quartz is transpatent, in others generally 


white or grey, violet, ot brown; the felt spar 
white, yellow, red, green, or black. It is ge- 
nerally the most copious ingredient. The mica 
is also grey, brown, yellow, green, red; violer, 
or black, and is commonly least copious.” The 
schoerl is generally black, and abounds in the 
granites that contain it. Hence the colour of 
the granite chiefly depends on the felt spar or 
schoe fl. Tue TO” an, consist commonly 
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ol white quartz, red felt spar, and grey mica; 
The grey, of white quartz, grey or violet fel 
spar, and black mica. The black commonly 
contains schoerl instead of felt spar; the green 
REY OI 1 n be ae ton 
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ds 46 6h 1 . are 1 _ | 
el from vaullts and caverns, they are formed 
by the oozing of water which is charged with 
calcareous particles, and which gradually eva- 
porating, leaves the particles behind. But, this 
deposition can scarcely be called, a crystalli- 
zation, as the calcareous particles do not appear 
to have been dissolved, nor even very mi- 
nutely divided, though this sometimes happens; 
whereas transparent spars appear to have been 
formed from a solution in water, by means of 
the aerial acid. Calcareous incrustatians ate ge · 
nerally found on the branches and rogts of 
trees, and sometimes on stones of different 
kinds, and consist chiefly of calcareous earth, 
mixed with a small portion of siliceous and vo- 
latile alkali, er 58 some retard, a 


But, fb us stil enter ee analytically into 
th een, of these solid substances of 


3 


> Ws 


nature. There exists, as we have seen, a clas 
of beings, which is composed of hard molecules 
inodorous, not soluble in water, not malleable, 2 
and not inflammable. These primitive earths, 
combined among themselves, or blended with | 
saline, inflammable, or metallic principles, form 
what is commonly called earth; and when in- 
durated into masses, form what is commonly 
called /one, while in small quantities; and rock, 
when in large quantities. Many stones are 
opaque; many are transparent. Many are'8up- : 
posed naturally round in form; and many have 
been accidentally rounded by trituration in the 

waters: for, thus, though pieces of rocks and 

of other stones, as you will observe in beds of Ce 
rivers, have been rounded by trituration in a 
fluid, it yet has been supposed that many, such 

as chalcedonies, agates, and flints, may have been 

n ne in ae external e 


The mineral Aae 120 been 1 avi 
ded into four classes: earths and stones, Salts, 
inflammable substances, and metallic substances. 
Of the simple earths we haye already spoken in 

a general way. Their peculiar characters are: cal- 

careous, when perfectly pure and free from all = 
combination, constitutes Hime. It has a hot, 1 
— won att ee on animal sub- 5 | 

Stances, , 
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| 7 berren krIx. | | 
I n in lumps, beats with ca = 


a quantity of water, In the temperature of 
bo degrees, it requires about six hundred and | 
| eighty times its weight of water to dissolve it: 
iii taste is then pungent, urinous, yet $weetish,. - | 
_ = It is combinable with all acids, and in parti — 
= Jar, easily soluble in the nitrous or marine, but 1 
if Ls difficulty crystallizes with them, as it forms ö 
i ET: deliquescent salts, and is, in great measure, pte- 5 
I cipitable from them by the vitriolic, to Which a 
it preferably unites, forming g ypsum or selenites. 
When in vessels, on which it cannot act, 0 %%% 
infusible per ge, that is singly, in a heat that 
would melt iron. Ponderous earth,” or barytes, 
when pure, is also in a state of lime, which it 
perfectly resembles in taste; but it requires nine 
hundred times its weight of water to dissolve it, 
in the temperature of 60 degrees. It is com- 
binable with acids. It decomposes tartar vi- 
triolate, an effect which no other earth can 
produce. And it is precipitable from the ni- 
trous and marine acids, by the Prussian alkali, a 
property which also distinguishes it from all : 
other earths. In the dry way, it acts, and is 
acted upon nearly as calcareous earth. Mag. WM 
; . 
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nesia, or muriatic earth, requires about seven 
thousand six hundred and ninety- two times we” : 
weiglit of water, to „dare! it in the | 


S». 
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Irren d= 
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temperature: of the air, It is combinable with 
acids. Exposed to the. strongest heat, it will 
neither burn to lime, nor melt per se; but loses 
much of its weight, partly by evaporation, and 
partly by the loss of a certain proportion of 
water, which it naturally retains. 4rgillaceous 
earth, or earth of alum, is exceedingly diffusible, 
but scarcely more soluble in water than pure 
magnesia. It is combinable with acids. The 


strongest heat barely hardens it, hut, does not 


give it the qualities of lime, nor melt it, while 


single, or acompanied only with magnesia, or 


siliceous earth; but mixed with calcareous, it 
runs into fusion very readily. Siliceous earth is 
less soluble in water, than any other; yet, in the 


common temperature of the atmosphere, ten 
thousand parts of water may contain one of this 


earth; and in very high degrees of heat, much 
exceeding that at which water usually boils, it 


Seems soluble in a much greater proportion. It 


combines with no acid hitherto known, except 
the sparry, which, either in a liquid or an aerial 
5:are, but particularly in the latter, is capable of 


holding much of it in solution. It is infusible 


per se, in the strongest heat; neither do argilla - 
ceous, or magnesian earths, promote its filsion ; 
the effect of e e 1 wy more 
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Tube calcareous, ponderous, magnesian; and 
argillaceous earths, being combinable with all 


acids, may be properly called absorbent earths, in 
cCeontradiction to the siliceous, which unites only 
to the sparry acid. Of these earths, however, 
are composed the following stones: The chale- 


dony, in one hundred parts, has eighty· four parts 
of siliceous earth, and sixteen parts of argilla- 


ceous earth. The opal has a direct affinity with 
| the chalcedonies; and the oculus mundi, which 


has the property of becoming transparent in 


water, is nothing but an opaque, decomposed 


opale. * Fasper is siliceous earth, blended with 
one-third of its weight of argillaceous earth, ad 
one· sixth of its weight of the calx of iron; it 
hardens in the fire without melting. Pet. 


 Silex, or chert, is siliceous earth, intimately mixed 


with from one-fourth to one-third of its weight 
of argill, and one-fifteenth to one-twelfth of its 


weight of calcareous. * + Silex, or common flint, 
is siliceous earth, Winne mixed and partly 


combined with argillaceous and calcareous earths. 
In one hundred parts eighty are siliceous, eighteen 
argillaceous, and two calcareous.  Flints, are 


infusible per ge, in the strongest fire, but gene · 


rally become white and brittle by reiterated cal- | 


| cination, which seems to indicate that they all 


contain a little water. The n differs 
+ Io 


| e + Kirwan 4 1 Kirwan $ Weigled. 


earths, and i iron. 
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it ee mig cransparent. It runs in 
veins through rocks, and hence its name. It 
whitens, and dectepitates like silex; but is ge- 
1 more *, hor: it ene n | 


per 72 1 | % i K an p * 
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texture. That of the aa . water, is called 


rock crystal. When crystallized in hexagonal 
pyramids, it is. called mountain crystal; when 


in other forms, amorphous. The stones of this 
species are, in general, the purest of the sili- 
ceous genus, though most of them contain a 
slight mixture of other carths. - The purest and 
most transparent of these crystals form the false 
diamond, called Bristol, or Kerry-stone, diamond 4 
d'Alengon, &c-/\In:one hundred parts, ninety- 
„ six argillaceous, and one 
calcareous. ＋ Agate i is a substance analogous to 
quartz, with this difference, that its molecules 
are less pure, and less homogene. It is a fine 
flint, mixed with various proportions of other 
Ff chis substance there are 
great varieties. ,-.It is mostly found in small 
a crust, and often running 
in veins through rocks, as petro- silex. Agates 
Vol. ; F „ that 


three are siliceou 


pieces covered with 
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termined form. It is generally found cry 


the stone, the Saxons use in their porcelain ma- 


with magnesia. It is found in scattered masses 
ke pebbles, demi · transparent, of a greasy 


| WA parts, has fifty of siliceous earth, t 


Felt par is eee ned ibn cant, 


mixed with magnesia, and terra 


is of various colours. It has almost nen, a ya 


mellar texture. It is sometimes of an unde - 


lized. It i is harder than fluors, but not 80 hard 


as quartz. In one hundred parts of the white, 
sixty-seven are siliceous, fourteen argillaceous, 


eleven ponderous, and eight magnesia. It melts 
per ge, more quickly and perfectly than fluors, 
into a whitish glass. Felt spar is undoubtedly 


nufactories. Jade is a siliceous earth, blende! 


sy look, 
and exceeding hard. It is scarcely luke] in 


acids, at least without particular management, 
and is infusible in fire. + Lapis lazuli is a si- 


| liceousearth, intimately mixed with blue martial 


fluor, and a small proportion of gypsum. The 
colour of this stone is a beautiful opaque blue, 


and is generally sprinkled with yellow, bright py- 
ritaceous specks or streaks. In a strong fire it 


melts per 5e into a whitish glass. { Zeolite, in one 


ge e and en of nn and 


Eu Mw, + De Saussure. t Kirwan, $ Pelletier. | 
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it is called 4 Ro mn its forming *r 


with acids 


2 * 


opere, e ee 1 iron, is 
trans parent; though, from the i intensity of its o- 
| Jour, which is a blueish or yellowish red, its tran · 


spareney is often obscure. It is generally crys- 


tallized in polygon forms, but it is ws i 


ly amorphous. Its texture is granular. In 


one hundred parts, forty-eight, are siliceous, 


thirty Aargillaceols, | twelve calcareous, - and 


ten parts iron. It is. often found in small 


grains, embodied in stones of the commonest 
kind. Schoerl, in one hundred parts, has 


forty - eight siliceous, forty argillaceous, five | 


calcareous, one magnesia, and one iron. Tour- 
maline of Ceylon, in one hundred parts, has thirty- 


nine argillaceous, thirty- seven siliceous, fifteen 


calcareous, and nine iron. ? Ruby, which is 
commonly found crystallized in an octohedral, 
is in texture foliated, and of extreme hardness. 
In fire, it is invitriahle per se, and does not yield 
even to the focal rays of a burning glass: but, a 


flame excited by dephlogisticared ait, directed 
by a blow pipe, readily melts jt. It does nor 


lose i tene! in 4 1 that would melt 2 


456" 1 55 
nine dees nine caleareous, mac den nn 
Hyacinth is of a reddish yellow colour, generally 8 
crystallized in a prismatic form. In one hun- 
dred parts, forty are argillaceous, twenty-five 
siliceous, twenty calcareous, and thirteen of 
iron. x Topaꝝ is of A 'gold 5 colour, its texture 8 
foliaceous. In one hundred parts, forty-six are 
argillaceous, thirty- nine siliceous, eight calca- 
reous, and six iron. ' Sapphire is blue, its tex. 
ture foliaceous. In one hundred parts, fiftys 
eight are siliceous, thirty-five argillaceous, five 
calcareous, and two iron . Emerald is sometimes 
found in round flat pieces, but mostly crystak 
lied in hexagonal prisms. In one hundred 
parts, sixty are argillaceous, ' twenty-four: Sill. 
ceous, eight calcareous, and six iron. Chryoolite, 
or beryl, is of a light yellowtsh green; melts 
per ze; and is softer than 4 7555 e marine _ 
is of a INOUE wh pins RE en ee 
— is e eier in oc 
dral crystals, but is sometimes found in round 
masses: its texture is lamellar, In a heat some- 
what greater than that in which silver melts, 
diamond is entirely volatilized and condumed*; 
it even produces a slight flame, and ine 
common air, your as LAY. as substane 
is Ih SE | leaves 
* Bergman: * m. 2 Jbid. 71 Kirwav. 8 
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leaves a 200t;; $0 > that the extraordinary conjec-. 
ture of Sir Isaac Newton, of its being an inflam-. 
mable substance coagulated, is fully 8 
The diamond cannot be arranged under any of 
the classes of earths, as it contains no earth. 
Its constituent principles are not known.” * Slate, 
schistus durus, bas, in one hundred parts, forty- 
six siliceous, rwenty-six argillaceous, eight mag- 
nes ia, four calcareous, and fourteen; iron. There 
ad many varieties. It is very brittle, and of a 
lamellar. rexture. 15 Pyrixaceous Schistus, schistus 
alominaris af in is an e earth 


<3 ea er Buy a” 8 5 | 


gehistus, is an argill mixed with es. and a certain 
proportion of mineral oil or bitumen. Mica has 
in one hundred parts, chirty-eight siliceous, 
twenty-eight argillaceous, twenty magnesia, and 
fourteen of the white calx of iron. This sub. 
stance is white, yellow, green, red, brown, 
black, and lamellar or scaly; and the lamellæ, or 
scales, are slightly flexible, and often elastic. 
These scales are sometimes parallel to each other, 


sometimes interwoven, sometimes wavy, or un- 


dulated, and sometimes they represent filaments. 
It is of no determined shape, and is ctystallized. 


| Steatites 8 in one hundred Parts, eighty Sili- | 
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Sb 4 Seventeen magnesia two biber and 
nkarly one of iron, in a semi - phlogisticated state.? 
Soap rock, or lapis olaris, is of a yellow colour, 


and sometimes whitish, but rarely black. It is 
somewhat harder than steatites, and probably the 


portion of argill 1 is somewhat greater; but, i. 
other respects it perfectly resembles it. The 
black contains a mineral oil. + Serpentine, lapis 

- nephriticus, in one hundred parts, has forty-one 5 


siliceous, thirty- three magnesia, ten argillaceous, 


twelve water, and three of 1 iron. In colour, and N 


composition, it is variable. Its texture is either 


indistinct, obscurely laminar, or fibrous. It is 


- 


harder than soap rock. Fibrous asbestos, alumen 


plumosum, is mild magnesia, combined with 


silex, calcareous earth, and a small proportion 


of argill, and iron. || It is generally of a green 


colour, and consists of filaments, either parallel 


to, or interwoven with each other. Amiantbus, 


. resembles the fibrous asbestos. It is composed | 


of long parallel fibres, flexible, and soft to the 


touch. In one hundred parts, it has - 8 


four of silex, eighteen of magnesia, seven of 


calcareous earth, six of barytz, three of ar- 


gill, and two of iron. F Lime: stone is some- 
timos of a nen and sometimes of a gra- 


| 1 nmular 
* Bergman, 7 Kirwan, * Bayen. 1 Bergman. 
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nular textur 
careous, but contains some small proportions of. 
argill, quartz, and iron. The aerial acid is in 
greater quantities than in spars. Marble is a 
calcareous substance of variety of colours. 
That of Carara is the purest we are eren, 
with; it is of a granular texture, and sparkling 
in its fracture like sugar.“ Gypsum, alabatter, 
Selenites, have each a calcareous base. They are 
of various colours, and are in texture lamellar, 
granular, or fibrous. Gypsum, in one hundred 
parts, has forty-six of vitriolie acid, thirty-two - 
calcareous, and twenty-two of water. + Pon. 
derous Spar, is a terra ponderosa, combined with 
the aerial acid, and aerated baroselenites. It is 
compact or lamellar, undetermined in figure, or : 
crystallized. Baroselenites is of a White, grey, 
or yellowish white colour, and some reddish ; 
sometimes not harder than chalk, but mostly 
very compact, and of a stony hardness. Its 
texture is lamellar or fibrous; its shape various. 
It decrepitates in fire, but does not burn to plas- 
ter of Paris, as gypsum does. It often forms the 
stony matter of petrifaction. In one hundred 
parts, are eighty - four of earth, thirteen of che 
most concentrated acid, and three of water. He- 
„ae tone, or leberstein of the Germans, bas, in 
„ one 
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Its colour is various. / 1 
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called breccias, as well as those forr 


1 IA $ + 5 


one hundred parts, thirty-three aroselenites, 


2 thirty - three silex, twenty - two alum, seven 


gypsum, and five petroleum. The «textures of 


this stone is always scaly. * Sands are composed 
of hard, disunited particles, which appear to 
have originally. appertained to stones or rocks. 
They are found of various stzes, sometimes al- 
most impalpable. Porphyry has a compact, si- 
liceous ground, generally jasper, chert, schoerl 
or lava; and contains either felt spar, quartz, | 


mica, serpentine, or other e of en in a 


4 
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And e 1 ink, are specimens enc 
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the composition of stones. As I have said be- 


fore, however, when in a small volume, they 
are called stones; and when in a large volume, 
they are called rocks; and these rocks, again 
ne tivided into two classes: sses: Fee e hose 


dire were e ll i in a state orf Avidity-ar 810 same 
moment, and which are called granite 3" lecon- 
dary, or those formed of fragments, and ce- 
mented by a lapidific gluten, and webe are 


and cemented by a similar gluten, ad are | 


5 called grit, e or . Of the pri 


| | | mitive 
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mitive rocks, as they are not found to contain 
either animal, or vegetable remains, it has been 
conjectured, their erystallization took 
terior to organized nature. Pallas looks upon 
ient in the structure 


most profound 


they have been 
depths, the industry of man has been able to 
fathom, as well as to be the most eee 


parts of the highest mountains F the earth. 
But of this, more in the sequel. 
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i held as an n ebe lee 7 
that as all colours, concetitra nded 
into one, would yield the pute emlgener which 

the sun darts upon the universe, sc would all 
minerals and metals brought into a mass, pro- 
duce the first parent of them all, Mercury. 
But this at length, as . if by general consent, 
has been exploded; and among 4 variety of 
other reasons, from the paucity of the instances 
where, in any mine, excepting its own, the 
living Mercury is to be traced. To feign the 
elementary mercurial principle, as the basis f 
metals, was indeed chimerical. It is much 


more reasonable to suppose, that all metals 


and minerals are but different modifications 
of earths. For why should that be supposed 
in all metals, which cannot be extracted from 
any of them, and is producible only from the 
red ponderous earth of cinnabar? Nature 
does not present us with a multitude of prinei - 
ples, but with an endless variety, arising from the 
different combinations of: a few. The arbitrary 


onger uu o Philosophers now: now 
that, in its common state, it is to be con- 
sidered as à metal in fusion; (for Pallas says, 
it has been several times congealed in Siberia, 

atura cold} emen its solid state, 
i 18 nearly as malleable ead, it by no means 


ought to be wanne in eueren than, 


| that of a GO _ WO oma 


Mien in their L endtest Agende 0 hes . 


note only such substances, as are found in 
mines, such as me | 
salts; but in a more extensive sense, they de- 


note all fossils, that do not belong either" to bs . 


vegetable or animal kingdoms; and 


i stones ee mee all of whictr are 


formation of 


they take their origin from an eager and acid 
vapour, or from a vitriol and a nitre strongly fer- 


mented, and blended with a salt and a subtile 


earth; and that the more the earth is subtilized, 


the puter is the production. But this is far 
from being ascertained. Metals, says Bergman, 
rfectly pure state. Gold is 

1 ee ee : ; 


| never occur it! 4 


— 
A * 3 are now 


$, semi-metals,sulphur, and 


philosophy. Some men have coneeived, that 
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| Hits one, would meas the pure — which _ 
the sun darts upon the universe, so would all 
minerals and metals brought into a mass, pro- 
duce the first parent of them all, Mercury. 
But this at length, as if, by general consent, 
has been exploded; and among a variety of 
other reasons, from the paucity of the instances 
where, in any mine, excepting its own, the ; 
living Mercury is to be traced. To feign the 
elementary mercurial principle, as the basis 1 
metals, was indeed chimerical. It is much 


more reasonable to suppose, that all metals 


and minerals are but different modifications 
of earths. For why should that be Eee 5 
in all metals, which cannot be es 
any of them, and is producible only from the 
red ponderous earth of cinnabar? Nature 
does not present us with a multitude of princi- 
ples, but with an endless variety, ari arising from the A 
different combinations of a "OW." "TUO WR rary 


* 


racted from 
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ideas, bomber derive to e are now 
no longer heard of. Philosophers now. Know, 

that, in its common state, it is to be con- 
sidered as 4 metal in fusion; (for Pallas says, 
it has been several times congealed in Siberia, 
by the natural cold) and since in its soli state, 
it is nearly as malleable as lead, it by no means 
ought to be ranked in any. other arge n ; 

that of en and erfec e | | 


| Mint in their strictest ee 5 
note only such substances, as are found in 
salts; but in a more extensive sense, they de- 
note all fossils, that do not belong either to the 
vegetable or animal kingdoms; and . conse- 
quently, stones and earths, all of which are 
comprehended under the denomination of the 
mineral kingdom. The knowledge of the 
formation of minerals, is still a desideratum in 
philosophy. Some men have conceived, 5 
they take their origin from a eaſe: and aka 
vapour, or from a vitriol and a nitre strongly fer- 
mented, and blended with a salt and a subtile 
carth; and that the more the earth is subtilized, 
the purer is the production. But this is far 
from being ascertained. Metals, says Bergman, 

never occur in à perfectly pure state. Gold is 
bog BY i ED con- 


. 


* 


1 more or 1 with alum copper 4 


or iron; silver with copper and arsenic; cop 


with i iron; nickel with cobalt, and so on. It i is | 


bighly probable, continues he, that all the 


metals are only different aoids,. boagulated by 


a large quantity of phlogiston, although the 


connexion of those principles is so close, that 


we are hitherto ignorant of the means of sepa- 
rating them. Metallic calces always contain 


more or less phlogiston, and most of them 

rial acid. But, Bergman is said here to have 

been n ewe For of the metals, and semi- 
metals, gold, silver, copper, mercury, bismuth, 

; "arid; arsenic, are often found. pure ; iron, rarely ; ; 


and tin, as rarely. The existence of native lead 


indeed, is still a problem; and the same may : 


be id of the regulus . of; antimony,” of zi 


| have a correspondent semi-metal, with which 


it has a more or less marked analogy. Thus, 


we shall find that antimony has an affinity with 


tin; that zinc has an affinity with iron; that 
arsenic has an affinity with copper; that co- 
a has an affinity with silver; that bismuth E 


has an affinity with lead. And, finally, that mer- 
/ Fay has an * with gold, and in so intimate 


. e 2 N 


1 * 


and of cobalt. But, notwithstanding,, .the 
metals are not all found in the virgin state, 
it yet is curious, that each perfect metal should 


I A 
5. * 
; F 
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4 mirs what! 16 has not bein Sk possible | 
to separate them.“ Is the white brittle metal, 5 


that results from this union at 1 


distance avs nes eres +5 1 5 i * 


It has been totaly y ad We aw 
all the metallic substances which can in any 
manner be decomposed, are in their first princi- 
ples, formed of a metallic earth and phlogiston; 


a remarkable resemblance even has been sup 
posed between metals and charcoal, both hav- 


ing an intimate union of phlogiston, with an 


earthy base; and this has induced the gene- 


rality of chymists to think, that the perfect 
metals are also composed of the like materials, 
$0 well combined;: that the utmost efforts of : 
art are not able to separate them. T his, hows 
ever, is not altogether satisfactory; for no such 
thing could ever be produced, as the calces of 


any of the perfect metals, except when they 


were mixed in a small quantity, with certain 
extraneous substances, such as glass, &c.f Nor 
is it every kind of earth, which combined with 


a certain quantity of phlogiston, can form a 


metal; nor can the calx of one metal, by any 


to er another 
en | 
14 „ „„ . 


1 n + Roms de Ide. 10 Cavallo. 


one known method, be made 


* . 


metal. The calx of iron can form nothing 
but iron; the calx of lead, will make only lead, 


and so of the rest. It may in truth be possible 
a nature, to make a metal out of something 

else besides a metallic earth. But, that which 
is most remarkable relative to metals is, that 


| while in a state of dissolving, if they are kept 
undisturbed, they turn out perfect metallic 
fluid; but, if on the contrary, they are shock 
somewhat too rudely, they resolve into a "Oy 

| different eee ; 7 


All the inctals, 3 3 nas ] 


are dissolvable by aqua. fortis. The quantity 


of air discharged from metals, is supposed to 
be the cement or principle, which unites all the 


parts together in a native state. The fumes | 
that arise from them during their W 260 | 


are deadly posion ; and when condensed, 


| every appearance of arsenic. These properties, 


that is, their proneness to give way and * 
rate, by the agency of one universal menst 
their abundance of air, for much even is to 
be extracted from gold; together with the 
mephitic vapour which they send off, promt 
to the conviction of many philosophers, that 
they must be necessarily homogeneous. This, 


nn, Is as little ee as their forma- 
| > #7 tion. 


not so favourable for discovery, the ies 
olf the strata of plains being commonly covered : 


2 of 8 but that e take thay 


form in the gradual succession of time; and 
atories, where such aperations are carried on. 
It is an universal, and an invariably. true 
observation, that minerals are most generally 
contained in the fissures of lime stone strata 


(although granite sometimes, as in Scotland, 


presents them) and between their laminæ, and 
not in the solid substance of the stone. It is 
not, however, equally true, that mines and mi- 


neral fissures are only to be found in mountains, 


and hilly countries: : they are often found in the 


beds of rivers, and in veins upon the shores of 


the ocean, where the ocean is the boundary _r 
extensive plains. This situation, Indeed, 1 


by earth, sand, Na and nnen I 
We are  intirely inen as I ve Wine 


said, of the essential principles of metals. We 
do not know, whether each metal hath an appro- 
priate earth, or whether the same earth, * 


y modified, be employed in all. 
only minerals of all kinds, but ulphuns 6-4 
a £44k 48.900 non Fo and : 
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- "a even 3 n said or; x bee 
the produce of certain acid, aqueous, phie 
and earthy combinations. 

been classed as salts, stones, sulphurs, or in- 


endued with a savor, 1 
Stones have been looked upon as substances, 
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nd hence, they have 


flammable. substances, and metals or metallic 


substances. The epithet salt, has been con- 


fined to certain bodies, soluble in water, and 
ore or less pungent. 


insoluble in waten atk generally infusible by 


| themselves; metals and minerals, as speci 4 
"cally heagjer than stones, and requiring only.a 
certain degree of heat to put them in fusion. 


But these classifications are by no means ri- 


gidly exact, for there are salts, which are indisso- 
luble in water; while there are stones, such LY 
the gypsum, which are soluble in water; anda 


crystalization, a shoerl, which, as ee 18 ca. 
195 of nen b heat N ee 


— 


The n most t ect n ps the mineral 
kingdom. is crystali: zation, though it has formally 


been denied by some of the most able mineralo- 


gists. In the animal, and vegetable kingde ms, 
the species are endued with organs essential to 
their developement by intussusception, re 


—__ are cobtalned i in the germ of each indi- 
— 46 8 75 42 28 Fx 6 4 «anion. 
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dom? stones, inflammable substances, and 


| minerals, have nothing which can warrant the 
supposition of germs, or of any internal organi- 


zation. The whole of this kingdom results 


homogeneous substan 
the presence of any oth 
Each preserves its ch 


transparency or opaciy; for ee en the rock 
crystal: this fossil often contains metals, and 


other bodies; silver, copper, mica, shoerl, 
amianthus, felt · spar, 1 


kak Kc. It is 
found in all parts of the earth, and yet in no 
part is it found different from another, « or un- 
accompanied by its Er and appropr 


ate angles. e 
vol. 17 a0 G g . 


. 


al. n —— in the e 1 | 


"8 , 
a very | 


from the attraction and combination of ele- 
mentary molecules, whose tendency to union 
increases as the male are found more 
simple, and more attenuated. Nor, though 
foreign molecules may sometimes find their way _ 
into the general substance of any one particu 
lar, are we to suppose a general, or . 
frequent confusion. Some are undoubtedly 
found mixed, but a perfect homogeneity is the 
usual characteristic. The properties of any one 
e, are never altered by 
er crystaline substance. 
acter distinct. I mean 
here, such as have relation to exterior form, to 
relative or specific weight, to hardness, and to 
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N This eee ir 
| Kala th the enormous grattitGimas. 
ses which form the most stupendous moun- 
tains of the earth. Each has, first, a particular 
crystalization, with certain determined angles. 
Secondly, a specific gravity. Thirdly, a speci- 
- fic degree of induration. Thus, we are not to 
stop at the mere crystdime formation, for that 
is general; though it is at the same time de- 
monstrable, that each Species has an invariable 
geometrical arrangement of its parts: and 
"hence, may safely conclude, that the mine - 
ral kingdom, that assemblage of brute, inor- 
ganic bodies, unprovided with the internal 
configuration necessary to life, to growth, and. 
to reproduction, has yet distinct families and 
species, as clearly discripinated, and as uni- 
formerly continued by H 


Fe invariable laws of 
combination, a as animals and ee, are by 
the invariable laws of fecundation. In this, 
indeed, as in the other kingdoms of nadkek there 
are frequently deviations, that is, there is dis - 
tinct and positive crystalization, indeterminate 
| hr Amend and confused erystalization.* : 
* 

The e bade 2 nn as 4 
1 * Wan e length 1 ime, had 
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bea indurated than els ice. 
| pliny Says this in express terms, and that it 
was found no where but in those regions 
where snow and winter take up their eternal 
abode, as in the caverns in the Alps, or other 
lofty mountains. That crystal is generally 


found in high mountains, is certain, and the 


reason is clear, because the most elevated 
mountains are granite, one of the chief ingre- 

dients of which, is rock crystal, or quartz. _ 

tain modern chymists, have in some de 

adopted the same idea, particularly tx 


have admitted the trau mutation f water into earth. 3 


Morveau has even been led to conjecture, that 
from its intire OS by heat, the dia- 
mond, the hardest crystal in nature, can be 

nothing but pure coagu 
nomena of crystalization, are in truth, wonder 
ful. Lapides crescunt ; vegetabilia crescunt, & 


* 


vivunt ; animgli# crescunt;* vivunt, & sen- 


c 
50, when the molecules are in a state of liqui- 
faction, and are zeparated one from the other by 

ton of a fluid, such as ghe fluid 


ot f mercury, aerifom fluids, 
8 82 „ 


. „ Lins, . 


of . | .of 17 


2 ted water. The phæ- 


kes place, and can only do 


eee matter. in Water 1 . evapon "= 
ing, by cooling, or by substracting from the 
fluid, the molecules approach towards each 
other, come into contact, and at length firmly 
unite. The presence of air, together with the 
agency of heat or of cold, are those commonly 
necessary to crystalization. But, towards | 
ascertaining the legitimacy of a crystaline 
substance, it is hot essential that it should 
| have decided points, and be angularly arranged. 
: | AgateY*chalcedonies and flints, are all of acry- 3: 
staline substance: the spherical, or globular 5 
masses called geodes, are also crystaline, though 
they are, as it were, externally uncrystalized; ; f 
and although the internal parts of each are clear- 
ly and evidently marked. Neither is an abso- 
lute degree of exsiccation in any wise necessary. 
The same substances have always the same 
properties. Wero it not SO, the crystal of the 
East would be harder than the crystal of the 
West; the gem of the Equator would be harder 
than the gem of the Tropic Even superior 
tenacity and cohesion of parts d not give su- 
perior grayity. The diamond Is the hardest 
of all stones, and yet it is no 80 > heavy as the 
ruby « or saphire. „ is the 


F' 


9 1 5 of all OI: and W 6 of the 
F: most 
#4, 


by 
# 
Thr 


| 
+ 
4 


can lead, which 1 is the softest, be said to he the 


'# 


most brittle. 30 « als, 
and yet has not the hardness of iron: neitber 


8 


lichtest. | The superior degree of hardness then; 
is not in proportion to density, as was supposed 
by Bergman. These two qualities, as well as 
the crystaline form, being the immediate pro- 
duct of attraction, must exist in crystalized 
substances, from the very moment of their 
combination; and this, Whatever may be the 
situation in which! they are found; and-wWhat⸗- 
ever my be the ve, of ur 5 
hi 1 aro formed? Wit JOnRLY 


Thar: is F Se — . 8 it must | 
be confessed, in thg arrangement of crystaline . 
bodies; for if we find causes of unpertfinty.. in 
must we n in 5 to e, beings. 
In the one, where specific forms are determined 
by specific germs, we yet are often Puzzled to 
mark the limits of each Species. How much- 
more 50 must this be the case in fixing the limits 
of a kingdom, where the sole force of cohesion | 


- unites their elements, whatever be their nature, 


and in whatever, proportion, or by. whatever 
accident they. have been assembled. In fact, 
1 6 C however, 


* Romd de Isle. 


£4 ff 
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h6weyer, the phenomena. of the salt, che stone, 5 
the inflammable substance, or the metal, are 


3 | But the best microscope that was eve formed, 
cannot manifest to our senses, the magger 


not in themselves more surprizing than the 


phænomena of figure and flavor invariably given 


to vegetables and to fruits. The internal pro- 


| Cexs of crystalization is not, indeed, thoroughly 
understood. But is it more a mystery than the 
: generation of animals, or the vegetation of 


plants? In reality, we can artificially form 
2 bodies, even, it is said, the crystal of . 
rock. We can even augment thei | * 


rin 


which the augmentation is accomplished. 
elementary particles of matter, are undiscover- 


able by us. The smallest atom, that even with * 
the aid of magnifying glasses, we can barely 


discern, is yet a compound, and not a single 
being. Nevertheless, it may be asserted concern- 


ing crystals, that they are, generally speaking, 


to be considered as neutral Salts, Soluble either 
in water, fire, acids, alkalis, air, Or Various other 
menstrug, unknown to us, in nature. As to their 
mechanism, whether brought about in the wet, 
or in the dry way, whether by nature, or by 
art, it seenis universally to be the same, the 
combination of an acid, or some substance per- 


| "om. 
* Acbard. 
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cond the Gan of a an acid, a 
more bodies, d 
tralize the aid r . 7 5 


There. are eee ee on ps ee 


now known, eee platina, silver, cop- 
per, iron, lead, tin, mercury, zinc, regulus of 
antimony, regulus of arsenic, bismuth, cobalt, 
nickel, regulus of manganese, siderites, Ind re- 
Aulus of * We Of these, gold, silver, pla- 


phlogistic Substance,+ The metallic substances, 
properly so called, all. agree in the common 
1 definition of metal, which is, that it is a hard, 

0 Shining mineral body ; fusible by heat; con- 


saturate and to neu · 


5 metals; FR because when calcined, they recover 
hlogiston without the addition of and 


cretable by cold; malleable or ductile ander ® 555 


the hammer, and the hegyient of all bandes. 


Gold, is only Aitzolvable in 44 | regia, S. 
ver, discovers more of a vegetable and arbo- 
rescent configuration than any other metal, 

| whether 1 in its native, or in its dissolved state: 


it is dissolvable by aqua fortis. T he chief dis- : 


5 tinguishing property of copper, is in sound, it 
being the most sonorous s Of, all metals. Iron is 
| omg de 'Isle. + Kirwan. 


* 


— 


* 
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supposed the only ba 


| rarely found pure, but generally gi 
may 


5 sonorous; has che least fixity in tag 
1 Wetal; ; it intimately mixes with g 


, * * 8 — 
>; N e ä 
+ AE 2 4 r 
* a J 9 n 
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8 


45 bardevt of all met a 5; and until lately, was | 
4 in nature usceptible : 
of the magnetic power : it dissolves in aqua 


7 fortis with a rapidity of effervescence beyond 
any other metal; and is corroded by the acid 


in the air, and. becomes rusty very readily : 1 


extracted by the loadstone from plants. 
Tin is the lightest, of all de not at all 
of any. 
Ty other ; 
etal, and makes them all brittle but iron. 1 
d, the heaviest of all metals excepting r 
tina, gold and mercury, is the softest of all 
metals, has the least elasticity, and i is the least 
fixed in fire. Mercury, when i in a solid body, * 
is as hard as lead, Whiter than tin, and i 1s both 
duRtle and males le.” Brass, steel, pewter; &c. 
in hs. + the metal superior to all, 


is the plating 1 wick is heavier than 2k ine 


* 


Metallie ub: tances have + absolute opacit ty. 
Stones. have zome sort of transparency; 4 but 
the smallest bit of metal is to the full as ue 
as the largest. Hence they are 0 eligible to 
the reflection of the rays of the sun. And it 
is from the want of this opacity, that quick - 


8785 is so useful in giving glass the power of 
e W 


those substances metals, which unite 


Those are Alea 15 fect 
least sensible alteration. Those 1 


5 possession of all their 
generally found, and se 


more rarely lead, ZINC, the reg Aike 


a 5 e, of arsenical IT called — 


* x * 
f 3 
f 


LETT ER Xx . 


eg A images. White metallic substa 


 reflet the rays, and are more brilliant chan 
those that are coloured. Metals have a specific 


weight greater than other minerals. They have 
a property from ductility of extension. Thus 


lead and tin can be bg out; gold, copper, 


and iron can be drawn out.“ Chymists, call 
Aguctility 


with opacity; and with weight, brillianey. And 


those w t * have oa eee n age: not Os - 


4 0 een, 


which ee their lic abe in the 
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ative, that is, in 

pperties; z as gold is 
often as is copper, 
and arsenic | 


states. 1. As virgin or 


mercury,” bismy 


part of antimony ; but rares 


or lime, that is to say, not 


As an ear! 
being any meallic appearance. Copper is often 


found us! a green or blue lime; sometimes regu- 


ans e 


* Chyinie de W 
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kay a e e 
white or coloured spar, sometimes crystalized. 
Lead in that of crystalized lime, and of red, 
green, or white spar; tin in the same variations; 
zinc in the state of calamine; cobalt in red flow- 
ers; and arsenic.in gee lime. 3. Constitutes 
that which is most common, where, as in mines, 
the metals are « erde with certain e 
which deprive them of their metallic properties, 
- which they do not regain until they are sepa- 


5 rated. \ Sulphur | 15 the substance that most 


generally unites with metals. The veins of 
metals are accompanied by stony substances, 
by quartz and spars, which seem to have been 
formed at the same time. They in general _ 
form two beds; one for the metal to lie upon, 
andthe other as its 7 
however, so intim 


indeed, has 4 .&y supposed to have formed ; 
some.“ Mountains have their substances more 
immediately for our observatioſ a and particu- 
wel those which run in chains. The plants 3 
Bo 5 8 


1 baer. | 
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which grow. 5s these mountains, are 888 0 1 | 


to be arid ; the trees crooked and ugly ;. the 
snow to melt al 
fine, thÞ very gravel is frequently seen to exhi- 
bit metallic ours. But, as I said before, the -. 
mercurial substance, from its amazing weight, 
its habitual fluidity, its extreme volatilityſgand 
the singular alterations it is C: 
ing, is the most surprizing of all these metallic 
dodies. Besides the old idels concerning it, it 
has been regarded as a | metallic water, a water 
whith .does not mee one's hands, Aqua non 
1 manus. 90 is true, it does not 
wet one's hands, or many other bodies which 
are to be wet by water, by oil, and other liquors. - 
But this phænomenon results merely from its 
having no affinity with the ig a {For as 1 
„ have already remarked, wht in contact 
with certain substances, with 246 it can unite, 


most as soon as it falls. In 


„ 


pable of manifest- 


* as gold, silver, tin, &c. then it intimatgly ap- 1 


plies itself, and yets them in Sch 4 manner, 
that they cannot be dried unleg®by evapora- 
tion cause by fire. phosphoric light, is 


sometimes to be observed to proceed from | 
mercury, and yet at the same time, a hand 
plunged into Wi is sensible of great cold. A 
thermometer plunged into it, probes it to be of 
the temperature of the atmosphere, and no colder. 


It 


forms what is ; called cinnabar. Th 
sublimate is an artifical 8 
' amalgam; which is merely an in Speystion "YL 


mercury with some other metal this latter, 
housber, can be rendered so powerful, as tha 
metals by amalgamation shall be confounded 
od Roy por e 1 n other.” : 


.” 


. Waaler the: Properties of Aller webe on, 
which next to tin is the lightest of all nals, 
© has three in a great degree its own. One, is the 
property of being attracted by the magnet, and 
the power of becoming itself a magnet, by 
resting in a position south and north, or "even 
by standing pe Micularly. The second, * 
of @anflaming, for steel filings,” 1 
small steel“ wire, Bag by the least approach 
ignited bodies; and producing sparks of fire, 2 
when struck against a flint, for the sparks are 
nothing else put particles of steel separated * 
the hard flint, and set on fire by the violence 
of the stroke. The third, is its being the only 
metallic substance that is found in plants and 
animals, and serves to give colour to a part of 
their humours. For it gives in reality, all that 
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red. It is even probable, that organi ed bodies, 5 
form within themselves this metal, ff Plants r 
ed in pure w r contain iron, as may be previ: 
from their cxers, whence iron is to be extract- 


ed. It is very abundant. It is found in almost all 


cologred stones, bitumens, and mines of other 
metals. It is not uncommon to see organized 
matters, such as wood, leaves, barks of trees, and 
shells, changed into iron. And what! is more strik - ; 
ing, no organized matter is ever found changed 
into any other metal, which shews its affinity to 
those substances. There is scarce any art, in 
which iron is not employed. M. Macquer calls it 
the soul of the arts. It is the only metal that 
has nothing pernicious in itt to Wen wal, | 
vegetable or „ 8 5 


In decomposition, as you will 8 „ con- 
cy consists the great art of chymistry, and 
this proceeds from a knowledge of affinities. 
Let us suppose, for instance, two bodies which 
strongly adhere to each other, as an acid and 
a metal. Present to them a third substance, 
which has a stronger affinity with the acid, 
zuppose an alkali; the result will be, the alkali 
having a superior tendency to unite with the 
| acid, than the geld (HOG; with: the metal the 


. 2 * : > 4 8 e 
3 8 . : l F » 
: 4 A - - —— K 8 1 J ; "UP; 
* 4 3 8 Z . 2 
L Fg © 4 7 2 by 155 
ad - ” 3. 
Py : "3 1 4 - * * 
4 W. f 8 2 
2 4 b 1 * 2 : 2 : 
9 . 5 or fe: 
FEY . i 
4 - . £ ; 
, ; — - 
* N * 
"F? 9 > 75 
% A ! - 


|| boi fllbe think 1 . 1 
the acid | 72 itself; and the operation of this 
is called pt Precipitation, It is proved also, in oppo- 
sition to Stahl and others, that two or more 
bodies united, form a matter, the properties of 

5 of which are new, and very different from 0 

which each of those bodies possessed 
their junction. Marine acid afidꝰ mercu i — 
given Separately, and in of a few grains | 
in a glass of water, are not e of injuring 
the animal economy; while the same dose of 
corrosive sublimate, formed by the combina- 


tion of these two substances, and administered | 

in the same manner, is a most violent poison. | 

The oil of vitriol and the oil of tartar, make a 1 

solid. The solids of neutral Salts chmbined 155 f 

with ice, make a fluid. But all substances ; 

have not an equal tendency fo blend. Iron p 

| {UNO can never be e e ö 1 

. 7 t 

we have 3 3 che diba be- þ 

tween the noble and the ignoble metals, and 0 

that they were all to be dissolved by aqua fortiss, A 

excepting gold. This king of metals, to peak IM |— ;: 

with the ancients, is only to be dissolved by a os 

mixture of the nitrous and the marine acids, in 

though neither of them, when separate, has an re 

5 eee Rs IS 5 
pzhlo- 


3 
ALES 8 
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. ES 2 a : "I 5 
* 8 


F 


e muriatic ack, by aqua regie, ge” 
nitrous: re but the other acids, heir defici- 
ent in power to carry off the necessary quantity 
of phlogiston, do not take it vp, unless it has 
been precipitated from some one or geber of, 
these thie ee be 
But there ee ee 1 from its very 
deleterious qualities, it is highly necessary you 
should be made acquainted with; I mean litharge, 
that merallic substance formed out of the spume, 
foam, or froth, of lead. It is found in furnaces 
where silver is refined, and hence, its name 
| Adgyvpos, that is, Nubog a stone, and apyupr; sil- 
ver. The litharge sold in the shops, is produced 
from copper works. Litharge is properly, lead vi- 
trified, either alone, or with a mixture of copper. 
But lead is dangerous in a variety of instances, 
especially if em ployed in domestic vessels and 75 
utensils. Fountains and basons of it, in which 
water is kept, are often so noxious, as materially to 
hurt that element. The vapour and the powder 
of it ate pernicious. But the gaccharum Saturni, 
sugar of lead, or ceruse, as it is commonly called, 
is of all, perhaps, the most pernicious. It is this 
Property, unfortunately, which lead has of acquir- 
ing a sweet taste by a solution in acid, that has 
rendered it 80 serviceable to thoe: venders of 
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gives colour to plants, as well as to animals, 


but, when dissol ved by the phosphoric acid; it 
at itself. The 


ruby, the blood, and even wine, are each seve-⸗ 
8 rally coloured by the con 

the phosphoric acid. By variety in its combi- 
nation, it always, affords variety in tints. 4 It 
was long a received opinion, also, as I have above 
remarked, that metals were not inhabitants of = 
the primordial mountains. But, besides the fa-. 
miliar instance of Scotland, at Scharfenberg, 
in Saxony, veins of silver are found in gra- 


nite. 7 Feen the 
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It is on account of the poisonous quality of 


| Hitharge, that the use of white paint on the _ . 
is found $0 eee ee to ths constitution. 
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As 1 W above said, Bad of a 


lic substances, iron is the: most common. - It is 
to be met with in the three kingdoms of nature. 


It is not only one of the principles which 


always assumes a brilliant red colo 


Pyrene e richest veins of 


Bishop Watson. f Sage. 1 Charpentier. 


wine, who respecting their on proſit more than 
the lives of their fellow creatures, have not seru- 
pled to attempt to recover wines which have turn- 
ed sour, by putting into them large quantities 
of ceruse, or litharge, * a palpable poison. This 
offence is in Germany puniſhable with death. 


bination of iron with 


dis 


up 
V4 
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bad in the s same 3 Nature, | 
therefore, i is not $0 Indeed as has beten sup- 
posed, in those mineral gifts which give to 
agriculture and arts their best instruments; 
to manufactures their best materials; and to 
commerce and society, the medium by which 
oo are TIER 'anth- the chain pas e 


1 now 1 1 we e have looked at I 
substances in their most striking features. 
During « our inquiries into the nature and proper | 
ties of the permanently elastic fluids, we ad- 
verted to the. lime, or the residuum of metals, 
acquiring a considerable degree of weight. We 
then saw, that it was heavier than the metal 
itself, previous to calcination. i Astonishing 
assuredly 1 that a body hall” augment in 
weight, by losing one of its constituent parts. 
But the fact seems to be as M. Macquer 
argues, chat metals cannot lose their Phlogiston 
and calcine, but in proportion as the pure air 
of the atmosphere 1 18 precipitated and united 
to their substances; and that they are not re- 
duced until the Phlogiston, aided by heat, 
disengages t the pure air. Chymists have looked 

upon rust as the lime of metals. 2 
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ai Italians, went to the Holy Land, * 
the Crusades. From the 11th to this) 16th 5 
centuries, it vis be 60 dib most extrava- 
gant excess: will you believe it, that within 
these six centuries; more than six thousand 
volumes have been published on the Elements 
and Practice of Chymistry ; of the greatest part 
or them, more properly speaking, _ the best 

means of artificially making gold? The con- 
5 trariety of ideas on the subject of mineralogy, 5 
even from the year 1730, hath been astonishing. 

Lou cannot but have heard of Bromel, Lin- | 
næus, Cramer, Wallerius, Cronstedt, Wolters- 
dorff, Gellert, Cartheuser, Justi, Lehman, | 


nel iden of anaking the bes Pen 


150 Ae metal gold, exixted among n # YE \ 8 


ee Engliah; French, — 


Vogel, Stahl, Bergman, Scheele, Baumer, 


Valmont de Bomare, Buffon, Bucquet, D'Au- 
| benton, Hill, Sage, De Saussure, Kirwan, 
Rome de I Isle, Monnet, and multitudes 
, of others. 1 


. the same time you are not to forget, that 
gold was formerly used very plentifully in me- 
dicine. This remedy was particularly much in 
fashion in the 15th century. The goodness 
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| has at all nab een p ee you oa to 
the dearness of the dis Bernard de Palissy 


exclaimed Strong) against the Apothecaries of 
his time, who demanded ducat gold from the 


sick to put into their medicines, under the pre- 
tence, that the purer the gold, the more speedy 
i the restoration of the health of the pati · 
ent. Alchymy was therefore defined, ars sine arte, 
cujus We ent mentiri, medium laborare, terti- 
um mendicare. But there was à class of  - 
mists, Whose genius, probity, and ©: 

have reason to venerate. They enriched a 
mistfy with the best produdts we are acquaitited 


with. Nor are we to, treat disrespe@fully, 
the study of that mineral kingdom Whence the 


wants and Gbweniehes uf Mid ue 50 U 
supplied. And now I will relieve you' from the 
subject, with just remarking; that gold is chiefly 
found in larger and smaller grains, blended with 
the composition of the rock; and this is the rea- 
son why so much gold dust, and grains, are found 
in the beds of rivers : and that lead; copper, and 
other ores, are found generaliy in the composĩ- 
tion or fissures of the solid body of the rock. 
Allow me also just to mention to you, two or 
three metallic Phænomena. For instance, „ 
plate of copper, i nersedd in a solution of silver 
diluted 1 in water, 1 the metal. The 


H * 1 silver | 


4 f 


» - 
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N allicres! at the moment, bl: precipitation | 
to the surface of the copper, where it forms a 
kind of moss. In proportion as the silver is 
Precipitated, the water assumes a blue tinge; 
which x proves that the copper is dissolved in the 
46180 acid, in the room of the siwer- hen 
the whole of the silver is disengaged, and hs 5 
water is poured off, the silver is dried, and 
fused in crucibles, to be cast into ingots. 
This silver, however, almost always retains a 
small quantity of the copper. Silver is likewise 
precipitated by mercury, and as the arrange- 

ment gives the form of a vegetation; it is called 
arbor dianæ. There is also a powder, lately dis- 
covered, to be produced from silver, more 

astonishingly fulminating than even fulminating 
gold itself.“ Gold is precipitated frontal its so- 5 

lution by several metals, such as lead, iron, 
silver; copper, bismuth, mercury, zinc and tin. 
This last precipitates it instantly in the form of 
a powder. Gold may like wise be precipitated 
from its solution by ether: - This liquor seizes 
"the gold in a moment, and sometimes instantly 
revivifies it. The gold is sometimes seen to 
form a stratum at the: surface of the liquor, 
ot ani Wade deere to contain a par- 


4 copper in its 1 This salt is 


dissolved in water, and forms springs more or 
less loaded with it, from which the copper may 


be obtained by cementation. Old iron is thrown 


into the water, the copper is precipitated, and the” _ 


iron takes its place; not that the iron, accord- 
ing to vulgar belief, is transmuted into copper. 


In this manner it is obtained in Hungary, in 


England, and in Ireland. The skeletons of 


animals are sometimes found i in copper mines, 
penetrated with that metal. We read even of 


a human carcase found in the great copper 


mine at Fahlun, in Sweden, which had remain- 


ed there forty years, with the flesh and bones 
entire, without corruption, and without emit- 
ting any smell.“ 5 


. „ F 
* Ada Literaria Suec; anno 1772. 
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THE science of fossils comprehends, as you 


have seen, the knowledge of all the various 


bodies which are dug from the subterraneous 


parts of the earth; whether they be such as were 


naturally formed there, or originally belonged 
to the animal and vegetable kingdoms, and 


were deposited by some change in the course 


of nature. The Heathens adopted the most 
whimsical notions of fossils. They could not 


account for them. Even Pliny and T heophra- 
stus believed (or seemed to believe), that stones 


bred, and brought forth young ones.“ Nor is 
the mist even yet dispelled, for as I have al- 
ready remarked, it has been a question with 
philosophers, whether stones do not grow in the 


earth? There certainly, however, seems to be 


no clear evidence to prove, that an integral 
pebble buried in the earth, is larger now than 
it was a thousand years ago. The contrary, in- 
deed, is plain, from its retaining those marks of 


| attrition which n get by OW against 


each 
3 + Philosophy of the Elements 55 | : 
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each that in the water. Thus ** however, 
does appear, that there is in some parts of 
the earth a petrifying fluid, with which a _ 
stone will be reconsolidated like a broken, limb 
and heterogeneous matters, as shells and ables, 
will be found pore! into a e mass. 
But 1 us cast our eyes again on the 4 8 
subject on which we were engaged, and from 
which we have strayed, merely from the desire 
of running through the whole system of erye- 
stalization. Again let us plunge into the body of 
the waters. The continents on which we stand, 
were, as we have formerly said, the bottom of the 
sea. The surface which we now behold, received 
its configuration from the currents, the move- 
ments, and the inexplicable accidents it met with 
in the ocean. In the internal parts of the earth, 
as far as the excavations made by natural causes 
or by the industry of man, have given scope for 
observation, we have had striking marks exhi- 
bited, of the immense changes that have been 
produced by the chymical action of bodies on 
each other, during a course of ages preceding 
all human record. The loftiest mountains, 
which run in chains through the great conti- 
nents, and are composed chiefly of granite, were 


found, e to the existence of animals 
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5 and vegetables upon the present e The 
same also, it is presumed, applies to mountains 
of lime stone, or marble of a granular texture, 
and is grounded on the consideration, that the 
remains of organized substances are never found 
in them.“ Calcareous stones, says De Saussure, 
are universally allowed to be productions of the 
sea. To prove this, the vestiges of marine ani- 
mals may be demanded. But the sea does not 
in every part of it Noche shells. Moreover, 
there are oftentimes local causes, such as an 
abundance of the acid principle, which may 
alter and hinder petrification, nay even preser- 
vation. I have observed, continues this philo- 
sopher, and with great astonishment, in the 
argillaceous hills of Tuscany, and above all, 


in the environs of Sienna, for instance, near 


Monte Chiaro, that the hills contiguous to 
each other, are many of them so filled with 
fossil shells, that the earth has absolutely been 
white; but, on the contrary, that the others 
have been without the smallest trace of a shell. 
In the high mountains of the Alps, the slates, 
and calcareous stones, which appear to have 
been formed immediately after the primitive 
rocks, seldom or never contain vestiges of ma- 
rine animals; whereas those in the flat country, 
- * Nicholson's Philosophy. 


or in \inconsiderable mountains abvays abour 
with Tres.” STERILE: SUL CHF Hatpng 


n N 5 
5 


The ae substances of which we are 
here speaking, are indisputably formed in the 
bowels of the deep. The sea is the laboratory 
whence shells and other marine matters are de- 
duced, which are necessary for such coacerva- 
tions. But, what an astonishing difference 


between the soft consistency of some of these 


animals while living, and the hardness of the 
masses formed from them when dead! losing 


their organic form, for such we must suppose to 


be the process, they crumble and pass into a cal- 


careous substance; then indurate, and in such a 
situation, furnish an occasion for conjecture 
concerning the antiquity of the earth. This 
proprety, of rendering animal substances cal- 
careous, says Mr. Douglas, seems to be intirely 
undefined by any of our learned Naturalists. 


Must not the agent which has operated en 


these substances, be in its effect similar to fire? 
By some chymists, this reduction has in truth 
been attributed to acids. An acid menstru- 
um, indeed, continues he, has been lately dis- 


covered, which will dissolve the hardest bodies; 


1 it is well 1e ee hs the OI of 
duor 
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- Her, spar, united with the ed, greatly 7 
fermented with the assistance of fire, will, in 
passing through water, crystalize, and probably. 
indurate animal bodies opposed to it. This 
chymical effect then may now perhaps be opera- 
ting; and in the masses at the bottom of the 
ocean, be i those eee which 


* 


„ 


| Sharon Un this 2 mornent.. Net: js; 
| been at all times, and must continue to the end. 
b Semper timi lis. 


F rom this I . it 1 be 1 
red, that marine animals were created prior to 
terrene animals, otherwise why are fossil shells, 
why are the echini, the entrochi, the glossope- 
tra, and the relicks of other fishes, so universally 
found in the deepest as well as in the most ele- 
vated strata of the earth? But from such an 
inference, I must entirely and unequivocally 
withhold my assent. I cannot admit that 
marine animals were created prior to man, and 
all other beings. I will acknowledge it appears 7 

| clear, even to demonstration, that those marine 
chells which are found fossil, were generated, 
lived, and died, in the very beds where they are 
found, and were not brought from distant re- 
gions by a flood or floods, as some have sup- 
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| pop and consequently that such beds were 
originally the bottom of the sea. I will also 
confess, that sell fish increase prodigiously; 
insomuch, that it is not uncommon to take 
away a bed of shell fish several fathoms in ex- 
tent, and yet there shall be as many the ensuing, 
as there were found there the former year. But, 
in a priority of existence, however it might free 
one from embarrassment in establishing a theory 
of the earth, I shall never be able to bring my 
mind to acquiesce. W e ang nen 
are too Oe - ESR it 5 555 
The e of sea shells found in a fossil, or 
in a petrified state, is so amazing, that were it 
not for this very circumstance, we never should 
have had a proper idea of the surprizing quan- 
tities of those animals, to which the ocean gives 
birth: they appear in masses like mountains; 
in banks of 100, and 200 leagues in length; 
and from 50 to 60 feet thick.* Lime stone, 
marble, chalk, marle, &c. together with vari- 
ous others, owe their origin to shells. Nay 
more, I will venture to affirm, says Buffon, that 
Shells are the medium employed by nature in 
the formation of almost all stones. Many 
fishes inhabit the deepest parts of the ocean, 


wh Buffon. 
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and are never thrown upon i counts; ; these 
are \ termed pelasgi. Those thrown upon the 


coasts, are called gittorales. The corn &mmonis pro- 


bably belongs to the former: for these animals, 
the cornua ammonis, are no longer found in any of 


our seas. Shells Are sometimes found more than 5 


1000 feet below the surface; and on the top of 


the mountain called Le haut de Veron, which is ele- 


vated more than seven thousand feet above the 
level of the sea, fragments of petrified oysters have 


been found. Chalk, says Monnet, occupies a space 
| of more than 600 miles in Picardy, Boullonais, 


Artois, French Flanders, and Soissonnais; and 


. _ oftena depthof more than 400 feet. Nor is it un- 


worthy of remark, says he, that chalky countries 


are almost always lower and less mountainous 
than other countries; that their valleys are less . 


profound, though they are larger and more spaci- 


tween positively chalky, and simply calcareous 
countries. Another remark, no less worthy: of 
attending to, he further observes, is, that chalky 
and calcareous substances, almost always affect 
an horizontal direction, whereas Schistus affects 
an e, or a perpendicular direction. 8 e 


How Wan and eder „ Is ah: © 
conclusion of Mons. De Saussure, that it is more 


than probe 


the calcareous beds of Mount Jura unite to chose 
i Saleve, and the TEE raged of the Alps. 
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or gravel, are called hills; those that consist 
chiefly of stone, are called mountains, as they 


are the chief repositories of minerals, and par ti 
cularly of metallic ores.” That the formation 
of these mountains preceded that of our Present 


races of vegetables and animals, is, zustly infer- 
red, as we. have. above noticed, from their con- 

taining no organic remains, either inf the 5 
of petrification or impression; from their bulk, 
extension and Connexion, which seem too con- 


siderable to be ascribed to subsequent causes; 


and from their use and necesity,.for the pro- 


ble, i at a cobslderable deptfl 
below the surface of the Lake of Geneva, that 
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but as they have an affinity to other 1 : 


with which they. were. ks some of these 
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Culcareous earth enters very 7 earingly into 
the e composition of this stone; but it is found 


it bursts, cracks, and loses it transparency; and 


glass, to which some have compared en 


with the creation. Their sim 
may be only relative to the present state of © 
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in the highest we can produce, it is infusible, od 
that in every essential point, it is totally unlike 5 


'l |. * granite contains earths of every genus, we may ; 
| cConclude, that all the simple earths are : coeval 


7 221 


n the creation, 5 


a miracle, to avail myself of an expression of 
Burnet, not less striking, the turning of air i im 5 


WE 


= LY must also have united with them in various 
8 5 proportions, and thus have formed in distinct 
masses, the felt spar, shoerl, and en which 


in shoerl, which 1 frequently a component 


part of granite. Quartz can never be supposed 
to be a product of fire, for in a very low heat, 


knowledge; for water itself, as we have seen, 4 ; 
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. which consist of ume stone or 
marble of a granular or scaly texture, and not 
disposed in strata, seem also to have preceded 
the existence of our present animals; for no 
organic traces are found in them. Also those 
that consist of stones of the argillaceous genus, 
and of the compound species of the silice- 
ous genus, seem to be primeeval, as they con- 
tain no organic remains: these often consist of 
parallel strata of unequal thickness; and the 
lower are harder and less thick than the upper; 
whence, the lower seem to have been first 
formed, and the upper, later. They are the 
principal seat of metallic substances, whose ores 
run across the strata in all directions, hence 
they are by the French called montagnes 4 filons. + 
Coal is never found in them. Alluvian moun- 

| tains, as they are denominated, are evidently 
of posterior formation ; as they contain petri- 

factions, and other vestiges of n substan- | 
ces; and are e always ISO. 3 


Gait is Se Wists fl the 
beautiful works of which it is the constituent 
matter; from its great age, and from the princi- 
pal part it acts in the composition of the globe. 
It is likewise greatly interesting, from the nature 
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* De Saussure. 
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frequently een, as in Mount Jura, which occu- 
Py- as it were, the centre, or very heart of the 


mountain, and which are perpendicular to the 


horizon; and this, in those of primitive as well 
as of secondary formation. On this subject, 
says De Saussure, I had long thought, that all 
beds ought to be horizontal; and that those 
which were not so, had been 80 placed by some 


revolution in the earth. But in consequence 


of having repeatedly remarked them, and. that 
too in mountains of the most perfect -preserva- 
tion, Which to all appearance, had never under- 
gone any overthrow or disorder; and having 


tound them always in a a form and direction of . 


bl its structure, and from the few lights e 
in regard to its nature and formation. Of this 
ppecies of rock, the matter of the most elevated 
mountains is composed, such as the central 
chain of the Alps, the Cordelliers, Imaiis, Cau- 
cCasus, &c. It is never found seated on slate, 8 
or on calcareous stone. On the contrary, slate 
and calcareous stone are frequently found seat - 
title of primitive mountains; while those of slate 
and calcareous stone, are e with that * | 
ny: mountains. . 2.1% | 


b 8 
£ $ 4 
W 1. "I 3 hag? & 7 


8 of 2 pe: * undoubtedly ed 35 
it is said, which could only be produced by wa- 


ter; and is in the composition even of some 
the most dense of them; wWhi 
have been reduced into a fine powder, and progy- 
pitated to the bottom in the form of sediment.* 
Calcareous rocks, it is.certai 


by marine animals. At 
observed, that the sa ind, which ser d | 
thrown on the shore, has, by ee means . a cal- 


careous viscosity infiltrated by the sea, become 
50 hard, as to become stone. Nay, it is a fact 


50 well known there, that people scarcely candis- 
tinguish between the newly formed stones, and 


those of the more ancient date. The rocks at 
this place, says Brydone, are of sand and gravel 


run together, and become as hard as granite. 


Shells and other marine PR _— "ow: 
blended in their nee e e og 
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But marine petsifications ae n0 3 sur. 
8 The petrifying — of - | 
| the waters of the ocean; is to he seen at qut ˙·m 
r Upon the beach at Harwich, says Mr. 
ing thecsmiths throw out theiriton-dlags and 
„ einders; from: the: forge; and lay them it heaps 
upon the shore, where the sen washes up 
and pehbles upon tlie icon and the particles 
ob iron being partly dissolved by the same cause; | 
tths sand and gravel and iron” unite” together, 
' _ into/acompounditiass of a ferruginous colour; | 
| andthe bulk of the iten lags is ifteressed co. 
tinually, till by degrees; when the intervals are 
filled up, they conerete together; till they form 
an indissoluble rock of wach aden. Aprin- 
ap of petrification tilis not | 
curious, hüt one that will ee dene 
compose wears more durable W " 
ue MER, „„ 
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khan the great revelutiors 3 in the e 11 
gave to the Alps, and other primordial moun- 
tains, the e anden at age and 8 


eee out the valleys.) As to the dies; 9] 
perly $0 called; and calcareous stones mixed wit 
mica and with quartz, they indeed 0 an- 
terior to tans revolutions. 3 


The Alps, you well know, are Calc a 0 
number of parallel chains of mountains, epa. 
rated by valleys that follow the same direction. 
On these mountains, as we have observed, are 
found most remarkable petrifications. For i in- 
stance, it is well known, that petrified shells 
are generally found filled by the matter of the 


bank on which they are reposed, or by some | 


analogous matter, which is insinuated into 


them by infiltration. But, contrarywise on some 
of the Alps, they have been found filled with , 


sand, or grains of an angular, irregular quartz, 


though at the same timeinclosed i in a calcareous. 
rock.* It could have been nothing else surely 
then, than the sand of the sea, which insinuated 
itself at the very time, or prior to the formation, 
of the rock. 
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Fou will „ the t h 
As ocean may have been supposed to 
0 operated in the phænomena of the globe, it yet 
is temerity to insinuate, that mountains were 
not coeval with the. other parts of the earth. 
Nor do I differ from you in opinion. I never 
presumed to doubt, but that God could have 
created granite mountains with as much faci- 

lity as he could have created sandy plains. 
The whole of my position, goes to not the 
insufficiency of the Maker of the Universe, as to 
the primordial formation of granite, marble, 
and other crystalized and calcareous masses, 
but to the appearances which those bodies pre- 
sent, on examination, at this period of time. 3 
The question, indeed, is a fair one, were there 
not originally mountains ? without hesitation, 
I say, I believe there Were; the antediluvian 
world must have had them, otherwise Tcannot 


conceive how there could have been animated 15 


existence. But the present race of mountains, 
if I may be allowed the expression, manifests a 
striking likeness to the aquatic, or marine 
family: and in broad features, exhibit a recent 
formation, i in comparison, to their antediluvian 5 
progenitors. The identity of the vonstituent 
principles of shells, and calcareotis stones, the 
presence of these me shells, more or less altered, 
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in the ns stone mountains, Suthorize* us to 
conclude, that a great part at least of the cal 


careous mass of our globe, owes its origin 8 
this cause only. It is not indeed without dif. 


ficulty, that we in imagination refer effects f 


50 wonderfully extensive a nature, to a cause 


apparently so weak, yet we are compelled to 
admit it, when we take a ag view W the: 
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If + fact, we observ . the numerous hn of 
shell animals which possess this stony covering, 
almost at the instant of their origin. We see 


it insensibly become thick and enlarged, by te 
apposition of new coverings ; and this shell 


at length comes to occupy a volume fifty or 
sixty times larger: than that of the animal which 
produced it. Let us consider the ere 
number of animals which emit this stony 
transudation; let us attend to their speedy 
augmentation, their multiplication, and the 


Short period of their life, the mean term of 


which is about ten years, according to the cal- 
culation of Buffon; let us multiply the number 
of these animals, by the mass of shell . 
leave behind them, and we shall then arrive at 
the mass which the shells of one single genera - 
tion ought to form upon this globe. If we 
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procee Hieber to cot Mo FORTY genera» | 
| tions are extinct, and how many speties are! „5 
we $hall be no longer surprized to find, that a 
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among calcareous stones which axe not ci gi 
lized: they are eitller susceptible of à perfect 
polish, in which case they are called marbles, 5 
5 e Tete are: not nein of 
Paros, you are well acquainted with, as well as 
with that of Carrara, both. of which are looked. 
upon as extremely pure. The - marble which 
presents the figure of shells, appears to be 
formed simply out of a heap of shells connected 
by a calcareous cement; it is known by t e 
name of lumachello. The marble which is called . 
figured marble, exhibits either traces of vege- 
tables, as that of Hesse; or ruins and rocks, Ike 
that of Florence. The dendrite appear to 
| be formed merely by ferruginons. Fee ; 
through the cracks of these stones. Alabasters, 
are calcareous stones of the nature of marble: 
they appear to be formed like the stalactitæ, 


and are sometimes adorned with the most beauti- 
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| ful colours, In! regard to the (cullaivcts mag, 
not susceptible of à perfect polish, they att | 
50 common, that it would be needlless to enu- 
merate them. In the number of those; however, 
used for building, there are seme which imbibe 
and retain water, in conSꝗuene of which they 
are burst, or erumbled by the- frost; whereas, 
others suffer the water which they originally 
contained, to escape, and become harder by the 
contact of air. Calcareous stone, is also found 
een 9 Ga this _ be 
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is Stone. i is in ee e mb. Bu i it 
is not generally known, that the hardening. of 
mortars appears to be owing merely to the 
progressive regeneration of lime stone. They 
do not obtain the greatest degree of hardness 
of which they are susceptible, until they have 
resumed all the fixed air of which the stone 
was deprived: and this operation is very slow, 
unless the combustion be facilitated by well 
known methods, which consist in mixing sub- 
stances with the mortar, which contain either 
the fixed air, or a principle analogous to it, 
such as vinegar. It is this regeneration of lime 
stone, that is effected by the lapse of time, 


which <p ne reason Why the hardest 
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